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ABSTRACT
DEVELOPMENT OF A CULTURE SYSTEM FOR BOVINE 
LUTEAL CELLS: EXAMINATION OF LUTEOTROPIC 
AND LUTEOLYTIC MECHANISMS
by
JOY LEE PATE 
U n i v e r s i t y  o f  New Hampshire,  May, 1983
The fu n c t io n  of  bovine lu te a l  c e l l s  In t i s s u e  c u l t u r e  was examined.  
Corpora lu tea  from r e g u l a r l y  c y c l in g  d a i ry  cows were d is s o c ia t e d  w i th  
col  I a g e n a s e  and c u l t u r e d  In  Ham's F - 1 2 medium w i t h  o r  w l t h o u t  serum.  
The s e r u m - f r e e  medium was s u p p le m e n te d  w i th  In s u l i n ,  t r a n s f e r r i n  and 
hydrocort isone.  A d d i t io n  o f  LH t o  the  serum -conta ln lng  medium did  not  
Increase  P4  production.  When the  lu te a l  c e l l s  were c u l tu r e d  In serum-  
f r e e  medium, LH produced an Increase In P4  dur ing  the  f i r s t  24 hours o f  
c u l t u r e .  The r e s p o n s i v e n e s s  o f  t h e  c e l l s  t o  LH th e n  d e c l i n e d ,  and 
r e m a in e d  low u n t i l  a p p r o x i m a t e l y  day 7 o f  c u l t u r e ,  a t  w h ich  t i m e  t h e  
ce I I s r e g a I n e d  t h e  I r  abI  I I t y  t o  respond t o  LH. The I u t e a I  c e I  Is  w ere  
responsive  t o  dbcAMP In both  s e r  u m -c o n ta  I n I ng and s e r u m - f r e e  medium.  
These r e s u l t s  I n d i c a t e  t h a t  t h e  p re s e n c e  o f  serum In t h e  ce l  I c u l t u r e  
medium I n h i b i t s  the  responsiveness o f  lu te a l  c e l l s  t o  LH a t  a step p r i o r  
t o  the  Increase In c e l l u l a r  cAMP.
The a d d i t io n  of  e i t h e r  low dens i ty  or  high d e n s i ty  l i p o p r o t e in  to
the  s e ru m - f ree  c u l t u r e s  produced a 1 5 0 - 2 6 0 $  I n c r e a s e  In P4  p r o d u c t i o n  
w I t h o u t  I nh I b l  t l  ng t h e  LH r e s p o n s e .  I n t h e  p re s e n c e  o f  l i p o p r o t e i n s ,  
^ C - a c e t a t e  I n c o r p o r a t i o n  I n t o  s t e r o l s  and s t e r o i d s  was g r e a t l y  
decreased. These e xper im ents  suggest t h a t  c u l t u r e d  bovine lu te a l  c e l l s  
can use serum l i p o p r o t e i n s  as a s o u r c e  o f  c h o l e s t e r o l  t o  I n c r e a s e  P4  
s y n t h e s i s ,  and t h e  I I p o p r o t e l n s  can I n f l u e n c e  endogenous c h o l e s t e r o l  
metabolIsm.
The l o n g - t e r m  e f f e c t s  o f  PGF2 o t on l u t e a l  f u n c t i o n  w e re  e xam in ed  
using t h i s  c e l l  c u l t u r e  system. PGp2 t* ^as ®^+her no e f f e c t  on basal  P4  
p r o d u c t  I on ,  o r  I s  s I I g h t  I y s t l  mu I a t o r y .  D u r in g  t h e  f l  r s t  24 h ours  o f  
c u l t u r e ,  P G F ^  has no e f f e c t  on L H - ,  c h o l e r a  t o x i n - ,  o r  f o r s k o l l n -  
s t lm u la t e d  P4 . However, a f t e r  day 1, PGF2 ,* i n h i b i t s  th e  agon is t - In d u ce d  
Increases In P4 , r e s u l t i n g  In l e v e ls  o f  P4  t h a t  a re  not d i f f e r e n t  from 
c o n t r o l  s. PGF^c* * s a * so c a Pa b l e  o f  b I ock I ng I ndom ethac!  n - s t l  mu I a t e d  
Increases In P4  production .  These f i n d in g s  I n d ic a t e  t h a t  al though PGF^  
does n o t  d e c r e a s e  basa l  s t e r o i d o g e n e s i s ,  I t  I s  a b l e  t o  b lo c k  a g o n i s t -  
induced I n c r e a s e s  In  P4  a f t e r  day 1. The s i t e  o f  a c t i o n  o f  PGF2 0t I s  
beyond t h e  LH r e c e p t o r ,  and I s  e i t h e r  a t ,  o r  beyond,  t h e  a d e n y l a t e  
cyc lase  molecule .
x i i i
INTRODUCTION
The bovine corpus Iuteum has been e x t e n s i v e l y  s tu d ie d  I n  v iv o  and
1 n v I t r o ; h o w e v e r ,  most i n  v 1t r o  s t u d i e s  have I n v o l v e d  s h o r t - t e r m
»
Incubat ions  o f  e i t h e r  lu te a l  t i s s u e  s l i c e s  or  d is s o c ia t e d  lu te a l  c e l l s .  
Although these systems exc lude the  In f lu e n c e  and I n t e r f e r e n c e  of  endo­
genous hormones which  a r e  p r e s e n t  i n  v l v o . t h e y  c a n n o t  be used t o  
e v a l u a t e  l o n g - t e r m  e f f e c t s  o f  hormones on l u t e a l  f u n c t i o n .  C u l t u r e d  
granulosa  c e l l s  from the  mare (Channlng, 1966),  p ig  (Schomberg, 1967),  
cow ( C I r l l l o  e t  a l . ,  1 9 6 9 ) ,  human (C h a n n ln g ,  1 9 6 9 ) ,  r h e s u s  monkey  
(C h an n ln g ,  1 970 )  and r a t  ( C r i s p  and Denys,  197 5 ;  E r i c k s o n  and Hsueh,  
1978; Cento la ,  1979) a re  commonly used f o r  long - term  i n  v i t r o  s tud ie s .  
H o w ever ,  t h e r e  a r e  few r e p o r t s  o f  d i s s o c i a t e d  l u t e a l  c e l l s  grown In  
t i s s u e  c u l t u r e .  Gospodarow I cz and Gospodarow I cz ( 1 9 7 2 )  s u c c e s s f u l  ly  
c u l tu r e d  e n z y m a t i c a l l y  d is s o c ia t e d  bovine l u t e a l  c e l l s ;  Stoklosowa and 
Stadnlcka (1973) have grown porc ine  and r a t  lu te a l  c e l l s ,  and r e c e n t l y  
G o l d s m i t h  e t  a l .  (1 9 8 1 )  r e p o r t e d  a c u l t u r e  sys tem  f o r  human l u t e a l  
c e l l s .  U n f o r t u n a t e ly ,  these  systems have not been e x t e n s i v e l y  employed 
t o  study the  contro l  o f  lu te a l  s te ro id o g en e s is  i n  v 1 t r o .
The p r e s e n c e  o f  serum In t h e  c e l l  c u l t u r e  medium I n h i b i t s  t h e  
I n d u c t i o n  o f  LH r e c e p t o r s  by FSH In  c u l t u r e d  r a t  g r a n u l o s a  c e l l s  
( E r i c k s o n  e t  a l . ,  1 9 7 9 ) ,  as w e l l  as t h e  a b i l i t y  o f  FSH t o  s t i m u l a t e  
p r o g e s t i n  s y n t h e s i s  ( O r l y  e t  a l . ,  1 9 8 0 ) .  A l s o ,  In  c u l t u r e d  r a t  g r a n u -  
Iosa  ceI  I s ,  S c h u I e r  e t  a I . ( 1 9 7 9 )  found t h a t  serum I I  p o p r o t e l n s  wI I I 
I n c r e a s e  s t e r o i d  s y n t h e s i s .  The I n h i b i t o r y  e f f e c t  o f  serum and t h e
l
2s t l  m u l a t o r y  e f  f e e t  o f  I I p o p r o t e ! n s  have  n o t  been p r e v i o u s l y  r e p o r t e d  
w i th  c u l t u r e d  lu te a l  c e l l s .
S t u d i e s  c o n c e r n i n g  t h e  e f f e c t s  o f  PGF2 c7t on b o v i n e  l u t e a l  t i s s u e  
have produced c o n f l i c t i n g  r e s u l t s  between i n  v iv o  and ±n v i t r o  models.  
Although PGF2 *  c o n s i s t e n t l y  Induces lu te a l  re g res s io n  In cows ( Inskeep,  
1 9 7 3 ) ,  In  v I t r o  I n c u b a t i o n s  o f  l u t e a l  t i s s u e  p r e p a r a t i o n s  w i t h  t h i s  
p r o s t a g l a n d i n  r e s u l t  In  a s t i m u l a t i o n  o f  p r o g e s t e r o n e  p r o d u c t i o n  
(S p ero f f  and Ramwel I ,  1970; HIxon and Hansel ,  1979). T h is  c o n f l i c t  may 
be due t o  t h e  f a c t  t h a t  t h e  I n  v I t r o  s t u d i e s  have  been s h o r t - t e r m  
(acute)  In nature .  Behrman (1979) rep o r te d  t h a t  a r a p id  a c t io n  o f  PGF2 <* 
on r a t  lu te a l  t i s s u e  Is  an I n h i b i t i o n  of  L H - a c t l v a t e d  a d en y la te  cyc lase ,  
b u t  J ordan  (1 9 8 1 )  p r o v i d e d  e v i d e n c e  t o  I n d i c a t e  t h a t  PGF2 *  p ro d u c es  a 
les ion  In the  s t e r o id o g e n ic  pathway beyond the  fo r m a t io n  o f  cAMP. The 
e x a c t  n a t u r e  o f  PGF2 d “ In d u c ed  l u t e o l y s l s ,  e s p e c i a l l y  In  t h e  b o v in e  
species,  remains t o  be e lu c id a t e d .
The p resent  s tu d ie s  were undertaken t o  d e te rm in e  th e  opt im al  condi­
t i o n s  f o r  t h e  cu l  t u r e  o f  bov I ne I u t e a I  ce l  I s. The I n f  I uence o f  serum  
and s e r u m - d e r i v e d  l i p o p r o t e i n s  on l u t e a l  f u n c t io n  were examined, and, 
using t h i s  c e l l  c u l t u r e  system, th e  long te rm  _Lq v  I t r o  e f f e c t s  o f  1^ 2 ^  
on progesterone product ion  have been In v e s t ig a te d .
REVIEW OF THE LITERATURE
The o v a r ie s  of  domes+.Ic mammals a re  located in the  abdominal c a v i t y  
and s e r v e  both  a g a m e t o g e n ic  f u n c t i o n  and an e n d o c r i n e  f u n c t i o n .  A 
s in g le  laye r  o f  cuboidal  c e l l s  c a l l e d  the germinal  e p i t h e l iu m  covers the  
o v a r y  and t h e  t u n i c a  a l b u g i n e a  i s  found d i r e c t l y  b e n ea th  t h i s  l a y e r .  
The ov a r ia n  c o r te x  Is  composed o f  I n t e r s t i t i u r n ,  f o l l i c l e s ,  and corpora  
I u t e a .  U n l i k e  t h e  l a b o r a t o r y  a n i m a l s  ( i . e .  r a t s ,  r a b b i t s ,  m i c e ) ,  t h e  
la rge  domest ic an im a ls  lack la rge  amounts of  s t e r o i d - s e c r e t i n g  I n t e r s t i ­
t i a l  t i s s u e ,  leav ing o v a r ia n  s te ro id o g en e s is  t o  occur only  in the  f o l ­
l i c u l a r  and lu te a l  compartments.
Ovarian f o l l i c l e s  may be c l a s s i f i e d  as 1) p r im ary :  an oocyte  sur­
rounded by a s i n g l e  l a y e r  o f  g r a n u l o s a  c e l l s ,  2 ) s e c o n d a r y :  an o o c y t e  
s u r ro u n d e d  by tw o  o r  more l a y e r s  o f  g r a n u l o s a  c e l  I s ,  o r  3 )  t e r t i a r y :  a 
f o l l i c l e  In w h ich  an a n t r u m  Is  p r e s e n t .  F I r s t  I d e n t i f i e d  in  1672 by 
R e g n I e r  de G r a a f  (Asde I  1, 1 9 6 9 ) ,  t h e  t e r t i  a r y ,  o r  G r a a f I  an f o l I i  c I e  Is  
th e  most s t e r o ld o g e n l c a l l y  a c t i v e  f o l l i c l e  and is  th e  most responsive  to  
gonadotropins.  The development from a pr imary  t o  a t e r t i a r y  f o l l i c l e  
r e q u i r e s  t h e  I n t e r a c t i o n  o f  both  p o l y p e p t i d e  and s t e r o i d  hormones t o  
I n i t i a t e  f o l l i c u l a r  growth and Increase s t e r o id  b io synthes is  ( reviewed  
by Richards,  1980).  /The s yn th e s is  o f  e s t r a d i o l  by the  G raa f ian  f o l l i c l e  
is  accomplished by the  c o o r d in a t io n  of  the  two c e l l  types t h a t  comprise  
t h e  f o l I i c l e  wal  I .  The a v a s c u l a r  g r a n u l o s a  ce l  I s  I I ne t h e  a n t ru m  and 
are  bathed In f o l l i c u l a r  f l u i d .  The v a s c u la r  theca in te rn a  c e l l s  sur­
round t h e  f o l l i c l e  and a r e  s e p a r a t e d  f ro m  t h e  g r a n u l o s a  c e l l s  by a 
basement membrane. In 1959 Fa lck  provided the  f i r s t  evidence t h a t  these
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two c e l l  types a c t  j o i n t l y  t o  syn thes ize  estrogen.  Since t h a t  t im e  more 
d i r e c t  biochemical  data has accumulated t o  support  th e  " t w o - c e l l  type"  
t h e o r y  o f  e s t r o g e n  s y n t h e s i s  ( r e v i e w e d  by D o r r l n g t o n ,  1 977 ;  R i c h a r d s ,  
1980; and H i l l i e r ,  1 9 8 1 ) .  B r i e f l y ,  t h i s  t w o - c e I  I t h e o r y  propos es  t h a t  
androgen Is  synthesized from c h o le s te ro l  in th e  theca In te rn a  and t h a t  a 
gonadotropin,  l u t e i n i z i n g  hormone, Increases t h i s  conversion.  This  an­
drogen Is then t ra n s p o r te d  across the basement membrane t o  the  granulosa  
c e l l s ,  where, under the  d i r e c t i o n  of  f o l l i c l e  s t i m u l a t i n g  hormone I t  Is  
aromat ized  t o  estrogen.
L u t e i n l z a t i o n
As t h e  m a t u r e  f o l I i c l e  n e a r s  o v u l a t i o n  t r a n s f o r m a t i o n s  beg In  t o  
p r e p a r e  t h e  th e c a  and g r a n u l o s a  c e l l s  f o r  l u t e i n l z a t i o n .  One o f  t h e  
e a r l y  e v e n t s  l e a d i n g  t o  f o l l i c u l a r  l u t e i n l z a t i o n  I s  t h e  I n c r e a s e  In  
numbers o f  LH r e c e p t o r s  on t h e  g r a n u l o s a  and t h e c a  ce l  Is  ( r e v i e w e d  by 
Channlng e t  a l . ,  1 98 0 ) .  FSH I s  r e s p o n s i b l e  f o r  t h e  i n d u c t i o n  o f  LH 
r e c e p t o r s ,  and t h i s  a c t i o n  o f  FSH Is  m e d ia t e d  by t h e  second m essenger  
cAMP (Nimrod, 1981a; Knecht e t  a l . ,  1981).  Although the  granulosa c e l l s  
a r e  a b l e  t o  b in d  LH a t  t h i s  t i m e ,  t h e y  a r e  n o t  a b l e  t o  respond t o  t h e  
g o n a d o t r o p l n ,  p r o b a b I y  because o f  t h e  p re s e n c e  o f  a f o l l i c u l a r  f l u i d  
I n h i b i t o r  (C hannlng  e t  a l . ,  1 9 8 0 ) .  Shemesh (1 9 7 9 )  has r e p o r t e d  t h a t  
f o l l i c u l a r  f l u i d  obta ined  from m id -c y c le  f o l l i c l e s  I n h i b i t s  progesterone  
synthesis  by c u l tu r e d  bovine granulosa and theca c e l l s ,  but p reo vu la to ry  
f o l l i c u l a r  f l u i d  does not have t h i s  e f f e c t .
Once o v u la t io n  has occurred,  complete  morphologica l  and biochemical  
l u t e i n l z a t i o n  may t a k e  p l a c e .  In t h e  cow, both t h e  t h e c a  I n t e r n a  and 
granulosa c e l l s  c o n t r i b u t e  t o  the  fo rm a t io n  o f  the corpus luteum (G le r  
and Marion,  1961; Donaldson and Hansel ,  1965b). Im media te ly  a f t e r  o v u la -
5t l o n  t h e  f o l I i c l e  col  l a p s e s  f o r c i n g  t h e  s t r a t u m  g ran u lo su m  I n t o  many 
fo ld s ,  each w i th  a core o f  theca in te rn a .  The basement membrane breaks  
down, t h e  g r a n u l o s a  ce l  Is  e n l a r g e ,  and by day 4 p o s t - o v u l a t i o n  t h e  
f o ld s  co m p le te ly  f i l l  the  c a v i t y .  Theca In te rn a  c e l l s  m ig ra te  along the  
c a p i l l a r i e s  t o  mix w i th  th e  granulosa c e l l s .  G le r  and Marion (1961) have 
reported  t h a t  the  granulosa  c e l l s  hypertrophy t o  form la rge  lu te a l  c e l l s  
and t h e  s m a l l e r ,  more I r r e g u l a r  c e l l s  a r e  d e r i v e d  f ro m  t h e  t h e c a .  
Donaldson and Hansel  ( 1 9 6 5 b )  a g r e e  t h a t  t h e  g r a n u l o s a  d e v e lo p  I n t o  
l a r g e ,  f u n c t i o n i n g  l u t e a l  c e l l s  by day 4 ,  b u t  c o n te n d  t h a t  f u r t h e r  
g ro w th  o f  t h e  CL o c c u r s  by d i v i s i o n  and e n l a r g e m e n t  o f  t h e c a  i n t e r n a -  
d e r l v e d  ce l  I s ,  p o s s i b l y  c o n t r i b u t i n g  t o  a second p o p u l a t i o n  o f  l a r g e  
lu te a l  c e l l s .  Although th e  e x a c t  o r i g i n  o f  th e  la rg e  and small  lu te a l  
cel  Is  r e m a i n s  u n c e r t a i n ,  I t  I s  now a p p a r e n t  t h a t  t h e s e  tw o  ce l  I s i z e s  
may f u n c t i o n  d i f f e r e n t l y  In  t h e  m a t u r e  CL. I t  a p p e a r s  t h a t  t h e  l a r g e  
l u t e a l  c e l  Is  a r e  c a p a b l e  o f  h i g h e r  l e v e l s  o f  p r o g e s t e r o n e  s y n t h e s i s ,  
w h i le  the  small  lu te a l  c e l l s  a re  more responsive  t o  gonadotropin s t im u ­
la t i o n  (Urse ly  and Leymarle ,  1979; Koos and Hansel ,  1981). Th is  Is  a ls o  
t r u e  In  t h e  o v i n e  ( F I t z  e t  a l . ,  1982 )  and p r e g n a n t  sow (Lemon and L o i r ,
1977) CL, and t h e r e  may be a c o o p e r a t i v e  i n t e r a c t i o n  b e tw een  t h e  tw o  
c e l l  s iz e s  r e s u l t i n g  In Increased  s t e r o i d o g e n e s i s  (Lemon and M a u le o n ,  
1982).
During l u t e i n l z a t i o n  th e  c y t o p la s m lc m u c le a r  r a t i o  Is Increased in 
both t h e c a  and g r a n u l o s a  c e l l s ,  t h e r e  I s  a lo s s  o f  rough e n d o p l a s m i c  
r e t i c u l u m  and an I n c r e a s e  In  smooth e n d o p l a s m i c  r e t i c u l u m .  In c r e a s e d  
l i p i d  d r o p le ts  a re  found In the  cytoplasm, and the  mi tochondr ia  change 
from possess  Ing a I ame I I I fo rm  t y p e  o f  c r I s t a e  t o  a h i g h l y  deve I  oped  
v l  l l l f o r m  type  (Channlng e t  a l . ,  1980).
6Concurrent  w i th  the  morphological  t r a n s f o r m a t io n  of  granulosa  and 
theca c e l l s  t o  mature lu te a l  c e l l s ,  th e  s t e r o id  b i o s y n t h e t ic  machinery  
is a l t e r e d  from the  production  o f  e s t r a d i o l  t o  th e  production o f  large  
q u a n t i t i e s  o f  p r o g e s t e r o n e .  The b o v in e  CL does n o t  s e c r e t e  e s t r a d i o l ,  
and the  l u t e i n l z a t i o n  of  bovine granulosa c e l l s  r e s u l t s  In a loss of  the  
a b i l i t y  o f  these c e l l s  t o  a r o m a t i z e  an d ro g en s  t o  e s t r o g e n s  (Henderson  
and Moon, 1 9 7 9 ) ,  even though t h e  l u t e a l  ce l  Is  have a much g r e a t e r  s t e -  
r o i  d o g e n Ic  c a p a c i  t y  th a n  gran u Io s a  o r  t h e c a  c e I  I s. I n t h e  p i g,  I u t e a I  
mitochondr ia  a re  l a r g e r  In s i z e ,  have increased cytochrome P-450 and are  
more a c t i v e  in s te ro id o g e n e s is  than f o l l i c u l a r  m i tochondr ia  (Campbell e t  
a l . ,  1 9 8 0 ) .  A l s o ,  D im ln o  (1 9 7 7 )  r e p o r t e d  t h a t  d u r i n g  I u t e i  n i z a t i  on o f  
p o r e i n e  g r a n u I o s a  c e I  Is  t h e  m i t o c h o n d r i a  g a I n  t h e  a b I  I I t y  t o  c o n v e r t  
pregnenolone t o  progesterone,  but t h i s  Is  probably  not the  case In the  
bovine CL.
The In c r e a s e d  s t e r o i d o g e n i c  c a p a c i t y  dur ing  l u t e i n l z a t i o n  is  r e -  
f  I e c t e d  in  c h a n g in g  l e v e l s o f  P4  In  t h e  deve l o p i n g  CL. On day 2 o f  t h e  
est rous  c y c le  lu te a l  P4  Is  a p p ro x im a te ly  7ug/g  t i s s u e ,  then increases t o  
2 5 u g /g  on day 4 and 46 u g /g  on day 11.  T h i s  h ig h  l e v e l  I s  m a i n t a i n e d  
u n t i l  around day 20 when lu te a l  P4  drops back t o  25ug/g and continues t o  
decrease t o  a p p ro x im a te ly  5ug/g on day 0 (Hafs and Armstrong, 1968).  The 
b o v in e  CL a l s o  s y n t h e s i z e s ,  2 0 ^ - d I  h y d r o p r o g e s t e r o n e ,  a m e t a b o l i t e  o f  
p r o g e s t e r o n e  w h ic h  f o l l o w s  t h e  same p a t t e r n  as P4  b u t  a t  much l o w e r  
l e v e l s  ( 1 - 1 0  u g /g  t i s s u e ) .  The CL i n c r e a s e s  in  w e i g h t  f rom  360  mg (day  
2) t o  a b o u t  6  g (day 1 1 ) ,  th e n  g ra d u a l  I y dec I I nes (H a fs  and A r m s t r o n g ,
A l u t e o t r o p i c  substance Is  one which m a in ta in s  a CL in morpholog-
1968)
7lea l  I n t e g r i t y  and s e c r e t in g  normal amounts o f  progesterone.  The Iu t e o -  
t r o p l c  substance v a r i e s  among species  and may c o n s is t  o f  a s in g le  hor­
mone or  a c o m p lex  o f  hormones.  In most  case s  t h e  l u t e o t r o p l n  I s  a 
p i t u i t a r y - d e r i v e d  hormone; however, estrogen Is a ls o  l u t e o t r o p i c  In some 
s p e c i e s .  Normal l u t e a l  f u n c t i o n  r e q u i r e s  p r o l a c t i n ,  FSH and t r a c e  
amounts o f  LH In th e  hamster (Greenwald,  1967; Greenwald,  1973);  LH and 
p r o l a c t i n  In t h e  ewe (Denamur e t  a l . ,  1 9 7 3 ) ;  and p r o l a c t i n ,  LH and 
estrogen in the  r a t  (Hi I I l a r d , 1973).
In c o n t r a s t ,  LH a l o n e  a p p e a r s  t o  be t h e  l u t e o t r o p l n  In  t h e  cow.  
Mason e t  a l .  (1 9 6 2 )  r e p o r t e d  t h a t  LH, b u t  n o t  p r o l a c t i n ,  was a b l e  t o  
s t  I mu I a t e  P4  s y n t h e s  I s by si  I ces  o f  bov I ne I u t e a  I t l  ssue I nc u b a ted  J_n 
v I t r o . and A r m s t r o n g  and B l a c k  (1 9 6 6 )  a l s o  fo und  LH t o  be e f f e c t i v e  In  
CL o b t a i n e d  on days 1 - 1 8  p o s t  e s t r u m . In a d d i t i o n ,  J_q v I v o  s t u d i e s  
support  the  conclus ion t h a t  LH Is  the  s in g le  lu t e o t r o p l n  In the  bovine.  
In h e i f e r s ,  t h e  I n j e c t i o n  o f  o x y t o c i n  on days 2 - 6  o f  t h e  e s t r o u s  c y c l e  
r e s u l t s  In  a marked s h o r t e n i n g  o f  t h e  d l e s t r u a l  p e r i o d  (A r m s t r o n g  and 
Hanse 1, 1 9 5 9 ) .  H o w eve r ,  t h e  s i m u l t a n e o u s  a d m i n i s t r a t i o n  o f  LH ( b u t  n o t  
p r o l a c t i n ,  growth hormone or  FSH) overcomes th e  l u t e o l y t l c  e f f e c t s  of  
o x y t o c i n  (D o na lds on  e t  a l . ,  1965 ;  H a n s e l ,  1 9 6 6 ) .  A ls o ,  a s i n g l e  I n j e c ­
t i o n  o f  LH on day 16 o f  the  c y c le  Is  a b le  t o  prolong th e  l i f e s p a n  o f  the  
normal CL, r e s u l t i n g  In  an In c r e a s e d  c y c l e  l e n g t h  o f  34  days (normal  
cy c le= 20 -2 2  days) (Donaldson and Hansel ,  1965a).
W h i l e  I t  I s  now g e n e r a l  I y a c c e p t e d  t h a t  LH I s t h e  I u t e o t r o p i  n I n 
the  bovine,  t h e r e  a re  o th e r  endogenous f a c t o r s ,  such as catecho lamines ,  
t h a t  a r e  a b l e  t o  s t i m u l a t e  P4  s y n t h e s i s  In  b o v in e  (Condon and B l a c k ,  
1 9 7 6 ) ,  o v i n e  (J o rd a n  e t  e l . ,  1978 )  and r a t  ( R a t n e r  e t  a l . ,  1 980 )  l u t e a l  
t i s s u e  in v i t r o . However, th e  p h y s io lo g ic a l  r o l e  o f  ca techolamines  In P4
synthes is  Is  uncer ta in .
LH Receptor
Much work has been done t o  de te rm ine  the  mechanism of a c t io n  of  LH 
on the  bovine lu te a l  c e l l .  Th is  work Is  summarized In Fig.  1.
The I n i t i a l  re q u i re m e n t  f o r  L H - s t Im u la te d  progesterone syn thes is  Is  
the  b inding of the  LH molecule  t o  a re c e p to r  In the  plasma membrane. By 
d e f i n i t i o n ,  a r e c e p t o r  must  e x h i b i t  a h igh  d e g re e  o f  s p e c i f i c i t y  and 
a f f i n i t y  f o r  t h e  r e s p e c t i v e  hormone (Ryan and L e e ,  1 9 7 6 ) .  The f i r s t  
evidence f o r  a plasma membrane LH r e c e p to r  was found using a u t o r a d io ­
graphic  techniques In r a t  lu te a l  t i s s u e  (Ra janlemI and V a n h a -P e r t tu la ,  
1 97 2 ) .  B i n d i n g  o f  rad  i o I a be I I ed LH and hCG I s  a I so used t o  q u a n t  I t a t e  
gonadotropin re cep tors .  The b o v in e  l u t e a l  c e l l  c o n t a i n s  5x10^ b i n d i n g  
s i t e s  f o r  hCG (P a p a io n a n n o u  and Gospodarow I c z ,  1 9 7 5 ) .  T h i s  number Is  
p r o b a b ly  v a r i a b l e  h o w e v e r ,  s i n c e  DIekman e t  a l .  ( 1 9 7 8 a )  have r e p o r t e d  
t h a t  the  number o f  LH re c e p to rs  In th e  ov ine  CL Increases from day 2 to  
day 10 o f  t h e  e s t r o u s  c y c l e  and d e c l I n e s  a round  day 16.  These w o r k e r s  
suggested t h a t  the  number o f  LH re ce p to rs  may be the  major f a c t o r  In the  
r e g u l a t i o n  o f  P4  s e c r e t i o n ,  b u t  t h i s  c o n c l u s i o n  I s  q u e s t i o n a b l e  s i n c e  
o n l y  0.6% o f  t h e  t o t a l  r e c e p t o r s  w e re  o c c u p ie d  by LH on day 10 o f  t h e  
c y c le .
The LH re c e p to r  Is  g ly c o p r o t e in  In nature  (Azhar and Menon, 1981b) 
and has a m o lecu la r  w e ig h t  o f  a p p ro x im a te ly  240 ,000  (Rao e t  a I . ,  1981).  
The I n t e r a c t i o n  of  the  gonadotropin  w i th  th e  re ce p to r  appears t o  be a t  
l e a s t  p a r t i a l l y  re g u la te d  by the  phosphol ip ids  In the  plasma membrane, 
since b inding c a p a c i ty  Is  i n h i b i t e d  a f t e r  t r e a t m e n t  o f  membranes w i th  
phosphol I pase A or  C (Azhar and Menon, 1976; Azhar e t  a I . ,  1976b).
The b i n d i n g  o f  LH t o  t h e  p lasm a  membrane r e c e p t o r  i n i t i a t e s  a
9s e r i e s  o f  c e l l u l a r  r e s p o n s e s  w h ic h  u l t i m a t e l y  le a d  t o  I n c r e a s e d  P4  
production.  In I s o la t e d  lu te a l  c e l l s ,  unoccupied LH re c e p to rs  a re  ran­
domly  d i s t r i b u t e d  o v e r  t h e  p lasm a membrane.  LH b i n d i n g  In d u c es  c l u s ­
t e r i n g  o f  t h e  o c c u p ie d  r e c e p t o r s  I n t o  s m a l l  a g g r e g a t e s  o r  p a tc h e s  
(L uborsky  and Behrman,  1 9 7 9 ) .  T h i s  r e o r g a n i z a t i o n  o f  r e c e p t o r s  may 
f a c i l i t a t e  two subsequent events :  1 ) coup l ing  t o  the  enzyme adeny la te  
cyc lase  and 2) I n t e r n a l i z a t i o n  of  the  hormone-receptor  complex.
Adenylate .Cyclase
Occupied  g o n a d o t r o p i n  r e c e p t o r s  can I n t e r a c t  w i t h  a d e n y l a t e  c y ­
c la s e ,  a plasma membrane-associated enzyme which converts  MgATP to  cAMP. 
The a d e n y la te  cyc lase  enzyme c o n s is ts  o f  two components: 1) a c a t a l y t i c  
u n i t  which conver ts  MgATP t o  cAMP and 2) a guanine n u c le o t ld e - b in d ln g  
r e g u l a t o r y  com ponent  (N) ( r e v i e w e d  by R o d b e l l ,  1 98 0 ;  Ryan, 1 982 ;  and  
B I r n b a u m e r ,  1 9 8 2 ) .  N I s  fo rm e d  o f  tw o  s u b u n i t s ,  n *  and n^. The o c c u p ie d  
gonadotropin re c e p to r  couples w i th  n/s and causes a s h i f t  In th e  Km of N 
f o r  Mg, from 10mM t o  less than 0.5mM, which Is  the  p h y s io lo g ic a l  concen­
t r a t i o n  of  Mg. Once Mg binds t o  N (probably  t o  n/s), t h e r e  Is a d is s o c ia ­
t i o n  o f  n*. f ro m  n^,  a l l o w i n g  n* t o  i n t e r a c t  w i t h  and a c t i v a t e  t h e  
c a t a l y t i c  u n i t .  T h e r e  I s  a l s o  a r e q u i r e m e n t  f o r  t h e  n u c l e o t i d e  GTP, 
which,  when a ssoc ia ted  w i t h  n<*, a l lo w s  I t  t o  bind t o  the  c a t a l y t i c  u n i t .  
This  a c t i v e  form of a d en y la te  cyc lase  Is  then a b le  t o  conver t  MgATP to  
cAMP. T h e re fo re ,  hormones a c t  p r i m a r i l y  by reducing the  Mg r e q u i re d  f o r  
GTP-dependent a c t i v a t i o n  o f  a d e n y la te  cyc lase  (Bi rnbaumer,  1982).
The coupl ing of  th e  hormone-receptor complex t o  a d en y la te  cyc lase  
may depend on t h e  l a t e r a l  d i f f u s i o n  o f  t h e s e  p r o t e i n s  t h r o u g h o u t  t h e  
pI asma membrane.  Th I s movement  o f  membrane p r o t e  in s  I s  I I k e I y  t o  be 
in f luenced  by the  degree of  membrane f l u i d i t y .  HanskI e t  a l .  (1979) and
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Rimon e t  a l .  (1 9 8 0 )  have p r o v i d e d  e v i d e n c e  t o  s u g g e s t  t h a t  t h e  t u r k e y  
e r y t h r o c y t e  ^ - a d r e n e r g i c  re ce p to r  can on ly  a c t i v a t e  the  cyc lase  In f l u i d  
areas of  the  membrane, and t h a t  r e c e p to r - m e d ia te d  cyc lase  a c t i v a t i o n  Is  
a d i f f u s i o n  c o n t r o l l e d  process.  The degree of  membrane f l u i d i t y  a ls o  has 
a d i r e c t  e f f e c t  on the cyc lase  c a t a l y t i c  u n i t ,  Independent o f  the  e f f e c t  
on the  r e c e p to r - c y c la s e  I n t e r a c t i o n  (Hanski e t  a l . ,  1979).  Fur thermore,  
t h e  f l u i d i t y  o f  t h e  l i p i d  b l l a y e r  can a f f e c t  t h e  number o f  r e c e p t o r s  
a v a i l a b l e  f o r  hormone binding.  Mouse l i v e r  membranes t r e a t e d  w i th  pros­
t a c y c l i n  e x h i b i t  both a 17$ decrease In membrane m i c r o v is c o s i t y  and a 
4 0 - 5 0 $  I n c r e a s e  in t h e  number o f  r e c e p t o r s  f o r  p r o l a c t i n  (Dave and 
Knazek, 1980).  T h e r fo re ,  membrane f l u i d i t y  may a f f e c t  the  gonadotropin  
r e c e p to r ,  the  a c t i v i t y  of  adeny la te  cyc lase ,  and the  I n t e r a c t i o n  between 
the two.
R e c e n t l y ,  d a t a  have been p r e s e n t e d  I n d i c a t i n g  the  converse might  
a l s o  be t r u e ,  I . e .  t h e  g o n a d o t r o p I n - r e c e p t o r  c om plex  may a l t e r  t h e  
f l u i d i t y  o f  t h e  p lasm a membrane.  M l l v a e  e t  a l .  (1 9 8 2 )  o b s e r v e d  t h a t  
I n h i b i t o r s  o f  phosphol ip id  m e th y la t lo n  were a b le  t o  block L H -s t lm u la te d  
P4  production by the  bovine CL. This Is c o n s is t e n t  w i th  the  theory  t h a t  
l i g a n d  b i n d i n g  t o  t h e  membrane r e c e p t o r  I n I t l a t e s  a s e r I e s  o f  t r a n s -  
m e th y la t io n  r e a c t io n s  w i t h i n  the  plasma membrane r e s u l t i n g  In the  con­
v e r s i o n  o f  p h o s p h a t l d y I  e t h a n o l  am I ne t o  p h o s p h a t l d y I c h o l I n e .  The I n ­
c r e a s e d  PC/PE r a t i o  cau se s  t h e  membrane t o  be more f l u i d  ( r e v i e w e d  by 
Axelrod and HI r a t a ,  1982).  T h e re fo re ,  hormone b ind ing  may br ing  about an 
I n c r e a s e  In  membrane f l u i d i t y  which  w o u ld ,  In  t u r n ,  I n c r e a s e  l a t e r a l  
m o b i l t i y  and coupl ing  t o  the  a d en y la te  cyc lase  molecule .
D e s e n s i t i z a t io n
I n t e r e s t i n g l y ,  t h e  b i n d i n g  o f  LH o r  hCG t o  I t s  r e c e p t o r  may a l s o
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Induce  a t r a n s i e n t  r e f r a c t o r i n e s s  o r  d e s e n s l t l z a t l o n  o f  t h e  c e l l  t o  
f u r t h e r  s t i m u l a t i o n .  Conn e t  a l .  (1 9 7 8 )  I n j e c t e d  p s e u d o p r e g n a n t  r a t s  
w i t h  ^ ■ ’ l -hCG and r e p o r t e d  e x t e n s i v e  I n t e r n a l  I z a t l o n  o f  t h e  h o rm one-  
r e c e p t o r  c o m p le x  by 7 h ours  p o s t - 1  n j e c t  I on.  F u r t h e r  e v i d e n c e  t h a t  t h e  
gonadotropin may e n t e r  th e  t a r g e t  c e l l  has been presented f o r  the  ov ine  
CL (Ahmed e t  a l . ,  1981), d is s o c ia t e d  r a t  (Luborsky and Behrman,1979) and 
monkey ( G u ly a s  e t  a l . ,  1 98 1 )  l u t e a l  ce l  I s ,  and c u l t u r e d  r a t  g r a n u l o s a  
c e l l s  (Amsterdam e t  a l . ,  1 9 7 9 ) .  The I n t e r n a l i z a t i o n  o f  t h e  h orm one -  
re ce p to r  complex leads t o  a d o w n -re g u la t lo n  o f  LH re ce p to rs ,  render ing  
the  c e l l  r e f r a c t o r y  t o  the  gonadotropin.
T h i s  I s  n o t  t h e  s i n g l e  mechanism f o r  d e s e n s l t l z a t l o n ,  h o w e ve r ,  
s in c e  d e s e n s l t l z a t l o n  o c c u r s  much more r a p i d l y  th a n  d o w n - r e g u l a t l o n  
(Ryan, 1982). The I n i t i a l  phase of  d e s e n s l t l z a t l o n  appears t o  be due t o  
the  I n a b i l i t y  o f  the  hormone-receptor  complex t o  couple w i th  the  ade­
n y la t e  cyc lase  molecule  (H a l l  and Behrman, 1981; Birnbaumer,  1982),  and 
may be brought about by th e  c lu s t e r i n g  and decreased m o b i l i t y  o f  recep­
t o r s  (Amsterdam e t  a l . ,  1980)  o r  by a p h o s p h o r y l a t i o n  o f  e i t h e r  t h e  
re ce p to r  o r  th e  r e g u la t o r y  subuni t  o f  the  cyc lase  (Bi rnbaumer,  1982).
The fu n c t io n a l  s ig n i f i c a n c e  of  the  d e s e n s i t i z e d  s t a t e  Is  not c l e a r ,  
b u t  I t  may s e r v e  as a h o m e o s t a t i c  mechanism t o  p r o t e c t  t h e  c e l  I s  f ro m  
v a r i a t i o n s  In  hormone c o n c e n t r a t i o n s .  The I n t e r n a l i z a t i o n  of  the  hor­
mone-receptor  complex Is  Im p o r ta n t  as a means f o r  the p e p t id e  hormone t o  
r e g u l a t e  I t s  own r e c e p t o r s  ( C a t t  e t  a l . ,  1 9 7 9 ) ,  and may be I n v o l v e d  In  
the  chron ic  r a t h e r  than a cute ,  e f f e c t s  o f  the  gonadotropin (Conn e t  a I . ,
1978).  Indeed, I n t e r n a l i z e d  hCG remains b i o l o g i c a l l y  a c t i v e  f o r  a t  l e a s t  
6  hours  ( Z I m n l s k !  e t  a l . ,  1 9 8 2 ) ,  and t h e  p re s e n c e  o f  hCG r e c e p t o r s  In  
the  nuc lear  membranes, lysosomes, rough endoplasmic r e t i c u l u m ,  and golg l
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o f  t h e  b o v in e  CL (Rao e t  a l . ,  1 981 )  r a i s e s  t h e  p o s s i b i l i t y  t h a t  t h e  
pept ide  hormone m ight  Induce s p e c i f i c  e f f e c t s  a t  the  s u b c e l l u l a r  l e v e l .  
Cyc11c AMP and cAMP-Dependent P r o te in  Kinase
As p r e v i o u s l y  s t a t e d ,  a c t i v a t i o n  o f  a d e n y l a t e  c y c l a s e  r e s u l t s  In  
t h e  f o r m a t i o n  o f  cAMP, t h e  proposed second m ess enger  o f  LH a c t i o n  in 
lu te a l  t i s s u e .  A dd i t io n  of  cAMP t o  bovine lu te a l  t i s s u e  s l i c e s  Incubated  
In v i t r o  caused an i n c r e a s e  in P4  s y n t h e s i s  (M arsh and S a v a r d ,  1 9 6 6 ) ,  
and t r e a t m e n t  o f  lu te a l  s l i c e s  w i th  LH r e s u l t e d  in a r a p id  accumulation  
o f  cAMF w h ic h  proceeded  t h e  r i s e  In  P4  (M arsh  e t  a l . ,  1 9 6 6 ) .  I t  was 
subsequently demonstrated t h a t  the  L H - s t im u la te d  increase  in endogenous 
cAMP was due t o  s t i m u l a t i o n  o f  a d e n y l a t e  c y c l a s e ,  r a t h e r  th a n  t o  an 
I n h i b i t i o n  of  phosphodiesterase,  the  enzyme re sp o n s ib le  f o r  the degrada­
t i o n  of  cAMP (Marsh,  1970).
Ling and Marsh (1977) re por te d  t h a t  I t  was p os s ib le  t o  s t i m u l a t e  P4  
p r o d u c t i o n  w i t h  v e r y  low l e v e l s  o f  LH (10 n g / m l )  w i t h o u t  an in c r e a s e d  
accumulation of  cAMP. However, t h e r e  was a concomitant Increase In cAMP- 
dependent p r o te in  k inase  a c t i v i t y ,  suggest ing t h a t  cAMP had been pro­
duced, b u t  t h e  l e v e l s  w e r e  be low t h e  s e n s i t i v i t y  o f  t h e  assay .  More  
r e c e n t l y ,  e le v a ted  l e v e ls  o f  cAMP have been measured a t  a l l  doses o f  LH 
a b l e  t o  s t i m u l a t e  s t e r o i d o g e n e s i s  in  both r a t  ( S a la  e t  a l . ,  1979 )  and 
b o v in e  ( L i n g  e t  a l . ,  1980)  l u t e a l  t i s s u e ,  p r o v i d i n g  f u r t h e r  e v i d e n c e  
t h a t  cAMP is  an I n t r a c e l l u l a r  media tor  of  LH a c t io n .
The many d iv e rs e  e f f e c t s  o f  cAMP a re  e xer ted  through the  a c t i v a t i o n  
of  a cy top las m ic  p r o te in  k inase.  This,  p ro te in  k inase has been p u r i f i e d  
and c h a r a c te r iz e d  from the  bovine corpus Iuteum (Menon, 1973),  and i t s  
a c t i v a t i o n  has been shown t o  p l a y  a r o l e  In  g o n a d o t r o p i n - s t i m u l a t e d  
s te ro id o g en e s is  ( V a i t u k a i t i s  e t  a l . ,  1975; Azhar e t  a l . ,  1976a).
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C y c l i c  AMP-dependent p r o te in  k inase Is  composed o f  a r e g u la t o ry  and 
a c a t a l y t i c  s u b u n i t  (W a ls h  and Ashby, 1 9 7 3 ) .  When cAMP b in d s  t o  t h e  
r e g u I a t o r y  s u b u n 1 1  I t  I e a d s  t o  t h e  dI  s s o c l a t l o n  and a c t i v a t i o n  o f  t h e  
c a t a l y t i c  subuni t .  The c a t a l y t i c  subuni t  Is  then capable  o f  phosphory-  
l a t l n g  a number o f  I n t r a c e l l u l a r  p r o t e i n s ,  and a c o r r e l a t i o n  b e tw een  
p r o t e i n  p h o s p h o r y l a t i o n  and P4  s y n t h e s i s  has been o b s e r v e d  In  b o v in e  
I u t e a  I ce I I s (Darbon e t  a I . ,  1 9 8 1 ) .  I t  has been h y p o th e s  I zed  t h a t  LH-  
s t im u la t e d  cAMP Is  c o m p a r t m e n t a l i z e d  and a c t i v a t e s  p r o t e i n  k i n a s e  In  
s p e c i f i c  subce l  l u l a r  c o m p a r t m e n t s ,  l e a d i n g  t o  th e  phosphory la t ion  of  
s p e c i f i c ,  r a t h e r  t h a n  a l l ,  s u b s t r a t e s  o f  p r o t e i n  k i n a s e  (Hayes and 
B r u n t o n ,  1982).
In 1976 Marsh l i s t e d  f i v e  p o s s i b l e  f u n c t i o n s  o f  c A M P - a c t I v a t e d  
p r o t e i n  k i n a s e :  1) an I n c r e a s e  In  a c o f a c t o r  such as NADPH, v i a  t h e
p h o s p h o r y Ia s e  s y s te m ,  2 )  an I n c r e a s e  In  t h e  c o n c e n t r a t i o n  o f  c h o l e s ­
t e r o l ,  3) an Increase  In th e  movement o f  c h o le s te ro l  I n t o  the  mitochon­
d r i a ,  4) a d i r e c t  a c t io n  on the  m i tochondr ia l  s ld e -c h a ln  c leavage sys­
tem, a n d /o r  5) an enhancement o f  th e  e f f l u x  o f  pregnenolone o u t  o f  the  
mitochondr ia .  Although evidence was presented t o  support  each of these  
proposals ,  I t  was c le a r  t h a t  no s in g le  a c t io n  of  p r o te in  k inase  could be 
chosen.  In 1982 Ryan s t a t e d  t h a t  t h e  s u b s t r a t e  f o r  cA M P -depe ndent  
p r o te in  k inase  In the  ovary Is  s t i l l  unknown. Poss ib le  c e l l u l a r  s i t e s  
of a c t io n  Inc lude  the  nucleus (Jungmann e t  a l . ,  1974),  the  mitochondr ia  
(Downing and D l m l n o ,  1 9 7 9 ) ,  and m ic ro s o m a l  p r o t e i n s  (A zh ar  and Menon,
1 9 7 5 ) .  I t  I s  g e n e r a l l y  a c c e p t e d  t h a t  L H - s t I m u l a t e d  s t e r o i d o g e n e s i s  
r e q u i r e s  RNA and p r o t e in  synthes is  (Marsh,  1976),  and t h i s  Is  probably  
under  t h e  I n f l u e n c e  o f  p r o t e i n  k i n a s e .  F u r t h e r m o r e ,  Simpson e t  a l .
(1978) have shown t h a t  In the  a d ren a l ,  the  p ro te in  t h a t  Is  r e q u i re d  f o r
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ste ro id o g en es is  ac ts  In t r a m l t o c h o n d r la l  Iy.  Th is  p r o te in  serves t o  in ­
c r e a s e  t h e  b i n d i n g  o f  c h o l e s t e r o l  t o  c y t o c h r o m e  P - 4 5 0 ,  t h e  enzyme r e ­
spons ib le  f o r  the  conversion o f  c h o le s te r o l  t o  pregnenolone.
C holestero l  .S.l.der&haJ-O -CJ-fiayags
There a re  t h r e e  p o t e n t i a l  sources o f  c h o le s te r o l  which can be used 
f o r  s te ro id o g en e s is ;  I t  can be synthes ized  .ds novo from a c e t a t e  (HeI 11g 
and Savard,  1965),  I t  can e n t e r  the  cel Is from the  c i r c u l a t i o n  (Shlma e t  
a l . ,  1 96 8 ;  B o l t e  e t  a l . ,  1974 ;  C h r i s t i e  e t  a l . ,  1 9 7 9 ) ,  o r  i t  can be 
d e r i v e d  f rom  s t o r e d  c h o l e s t e r y l  e s t e r  p o o ls  ( C o u t t s  and S t a n s f t e l d ,  
1968) .
The a v a I  I abI  I 1 t y  o f  t h e  chol e s t e r o l  s t o r e d  i n t h e  e s t e r  fo rm  is  
I n f l u e n c e d  by p r o t e i n  k i n a s e .  Behrman and A r m s t r o n g  (1 9 6 9 )  o b s e r v e d  
t h a t  LH t r e a t m e n t  caused t h e  d e p l e t i o n  o f  s t e r o l  e s t e r s  and s u g g e s te d  
t h a t  t h i s  was due t o  a s t i m u l a t i o n  o f  c h o l e s t e r y l  e s t e r a s e  a c t i v i t y .  
T r z e c l a k  and Boyd (1 9 7 3 )  and B e c k e t t  and Boyd (1 977 )  w ere  t h e  f i r s t  t o  
r e p o r t  t h a t  a d re n o c o r t ic a l  c h o l e s t e r y l  e s t e r a s e  I s  a c t i v a t e d  by cAMP-  
dependent p r o te in  k inase .  C h o les te ry l  e s te rase  e x i s t s  In an I n a c t i v e ,  
dephosphorylated form. Phosphory la t ion  and a c t i v a t i o n  Is  c a ta ly z e d  by 
p r o t e i n  k i n a s e ,  r e s u l t i n g  In  h y d r o l y s i s  o f  c h o l e s t e r y l  e s t e r s  and an 
I n c r e a s e  In  f r e e  c h o l e s t e r o l  a v a i l a b l e  f o r  s t e r o i d o g e n e s i s .  In t h e  
b o v in e  CL, B I s g a l e r  e t  a l . ,  ( 1 9 7 9 )  a l s o  o b s erv e d  t h e  a c t i v a t i o n  o f  
s t e r o l  e s t e r  h y d r o l a s e  by N ^ O ^ - d l b u t y r y  I c y c l I c  AMP and d e m o n s t r a t e d  
t h a t  th e  level  o f  a c t i v a t i o n  was s i g n i f i c a n t l y  decreased In the  presence  
of  a p r o te in  k inase  I n h i b i t o r .
Cho lestero l  In I t s  f r e e  form must be t ra n s p o r te d  t o  the  mitochon­
d r i a  f o r  metabolism t o  s t e r o id  hormones. In the  a d re n a l ,  c h o le s te ro l  Is  
t r a n s p o r t e d  th ro u g h  t h e  c y t o p la s m  by a s t e r o l  c a r r i e r  p r o t e i n  (SCP£)
(Chanderbhan e+  a l . ,  1 9 8 2 ) .  Once In  t h e  m i t o c h o n d r i a  t h e  c h o l e s t e r o l  
can be c o n v e r t e d  t o  p r e g n e n o lo n e  by a r e a c t i o n  known as s id e  c h a in  
cleavage.  Side chain c leavage o f  c h o l e s t e r o l  I s  t h e  r a t e - d e t e r m i n i n g  
step In s te ro id o g e n e s is ,  and Is  a ls o  considered t o  be th e  major  s i t e  of  
a c t io n  o f  LH. Th is  I n t r a m I t o c h o n d r la l  eve n t  has r e c e n t l y  been reviewed  
by S t r a u s s  e t  a l .  (1 9 8 1 )  and K lm u ra  ( 1 9 8 1 ) .  The c o n v e r s i o n  o f  c h o l e s ­
t e r o l  t o  pregnenolone and a s ix -c a rb o n  f ragment ,  Isocaproate ,  Invo lves  
an enzyme system w h ic h  c o n s i s t s  o f  t h r e e  components :  1 ) l u t e o d o x l n
reductase,  an FAD-conta ln ing  f I a v o p r o t e l n ,  2) cytochrome P -^S O g ^,  the  
te rm in a l  oxygenase, and 3) lu teodox ln ,  which serves t o  s h u t t l e  an e l e c ­
t ron  between the  reductase  and P-450.  The s id e  chain c leavage re a c t io n  
Involves two sequent ia l  hydroxy I a t !o n s  a t  C2 2  and C2 0  of  c h o le s te ro l  and 
the  ac tua l  c leavage o f  the  c h o le s te ro l  s id e  chain between C2 0  and 
Each step In th e  r e a c t i o n  mechanism re q u i re s  m o lecu la r  oxygen and NADPH; 
t h e r e f o r e ,  t h e  c o n v e r s i o n  o f  one m ole  o f  c h o l e s t e r o l  t o  one m ole  o f  
p r e g n e n o lo n e  r e q u i r e s  t h r e e  m o les  o f  oxygen and t h r e e  m o les  o f  NADPH. 
The s lo w es t  p a r t  o f  the  r e a c t io n  Is  the  a s s o c ia t io n  o f  c h o le s te r o l  w i th  
the  P-450 molecule ,  and I t  Is  thought t h a t  LH may a c t  by In creas ing  the  
a v a i l a b i l i t y  and /o r  b ind ing  of s u b s t ra t e  by cytochrome P-450.
The cytochrome P-450 molecule  Is  located w i t h i n  the  Inner  la y e r  o f  
t h e  I n n e r  m i t o c h o n d r i a l  membrane.  K lm u ra  (1 9 8 1 )  proposed t h a t  t h e  
c h o l e s t e r o l  w h ich  I s  a l s o  l o c a t e d  In  t h i s  p o r t i o n  o f  t h e  membrane I s  
r e a d i l y  a v a i l a b l e  f o r  b ind ing  t o  P-450.  C ho lestero l  located  In the o u te r  
m itochondr ia l  membrane, o r  the  o u te r  la y e r  o f  the  Inner  membrane Is  not  
a b l e  t o  I n t e r a c t  w i t h  t h e  s i d e  c h a in  c le a v a g e  enzyme.  S e y b e r t  e t  a l .  
(1 9 7 9 )  d e s c r i b e d  " m e t a b o l i z a b l e "  and "non-metabol Izab l  e" pools o f  cho­
l e s t e r o l ,  and s u g g e s te d  t h a t  ACTH a c t e d  by s t i m u l a t i n g  t h e  r a t e  o f
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d e l i v e r y  o f  c h o le s te ro l  t o  th e  m e ta b o l i z a b le  pool. Kimura (1981) s t a te s  
t h a t  t h i s  i n v o l v e s  a f l i p - f l o p  o f  c h o l e s t e r o l  a c r o s s  t h e  membrane.  
Although t h i s  Is  a l i k e l y  s i t e  o f  a c t io n  f o r  LH, the  exac t  mechanism is  
n o t  known. C u r r e n t l y  t h e r e  a r e  tw o  t h e o r i e s ,  I n v o l v i n g  t h e  a c t i o n  o f  
e i t h e r  a l a b i l e  p r o te in  o r  s p e c i f i c  phospholipids.
P ro te in  synthes is  Is  necessary f o r  L H - s t I m u l a t e d  s t e r o i d o g e n e s i s ,  
and a l a b i l e  p r o te in  generated on cy to p las m ic  r ibosomes Is  thought  t o  be 
t ra n s lo c a te d  t o  the  m itochondr ia  ( rev iewed by Strauss e t  a l . ,  1981).  As 
prev ious ly  s ta te d ,  Simpson e t  a l .  (1978) have proposed t h a t  the  l a b i l e  
p ro te in  Increases the  b ind ing  o f  c h o le s te r o l  t o  cytochrome P-450scc In 
a d r e n a l  m i t o c h o n d r i a .  T o a f f  e t  a l .  (1 9 7 9 )  have  a l s o  r e p o r t e d  t h a t  In  
lu te a l  m i to chondr ia ,  movement o f  c h o le s te ro l  t o  the  s ide  chain cleavage  
system is  t h e  p r i m a r y  f a c t o r  d e t e r m i n i n g  s t e r o i d o g e n i c  c a p a c i t y ,  and 
t h i s  p ro c es s  I s  I n h i b i t e d  by c y c l o h e x l m  I de,  an I n h i b i t o r  o f  p r o t e i n  
synthesI  s.
C y c I o h e x l m I d e  I s  a l s o  a b l e  t o  I n h i b i t  s y n t h e s i s  o f  po lyp h o sp h o ­
i n o s i t i d e  In adrenal  t i s s u e ,  and ACTH s t i m u l a t e s  the  s yn th es is  o f  t h i s  
p h o s p h o l i p i d  ( F a r e s e  and S a b i r ,  1 9 8 0 ) .  I t  has been su g g e ste d  t h a t  
p o l y p h o s p h o i n o s i t i d e  I s  t h e  c y t o s o l i c  f a c t o r  t h a t  enhan ces  t h e  s id e  
chain cleavage  r e a c t io n ,  and synthes is  o f  t h i s  phospholipid re q u i re s  the  
ACTH-stlmulated l a b i l e  p r o t e in  (Farese and S ab ir ,  1980; Farese e t  a l . ,  
1981 ) .
Davis e t  a l .  (1981) re por ted  t h a t  LH s t im u la t e d  In c o rp o ra t io n
In to  c e r t a i n  phosphol ip ids  In bovine lu te a l  c e l l s ,  Im ply ing  a r o l e  f o r  
p h o s p h o l I  p id s  s i m i l a r  t o  t h a t  In  t h e  a d r e n a I , b u t  S c o t t  e t  a I . (1 9 6 8 )  
and Strauss and F l l c k l n g e r  (1977) were unable to  d e te c t  an e f f e c t  o f  LH 
on phospholip id  metabolism. More r e c e n t l y  however, Tanaka and Strauss
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(1 9 8 2 )  w ere  a b l e  t o  s t i m u l a t e  l u t e a l  c h o l e s t e r o l  s id e  c h a in  c l e a v a g e  
w i t h  t h e  p h o s p h o l i p i d  c a r d l o l l p l n ,  even though hCG caused no m a jo r  
changes In phosphol ip ids.  These a u t h o r s  s p e c u l a t e d  t h a t  p h o s p h o l i p i d  
changes may occur In s p e c i a l i z e d  reg ions  o f  the  m i tochondr ia  and were  
not detected by t h e i r  methods.
Once c h o le s te ro l  has been converted t o  pregnenolone,  the  pregneno­
lone passes out o f  the  mi tochondr ia  t o  the  smooth endoplasmic r e t i c u l u m ,
K 5
w here  t h e  enzymes de I t a ^ - 3 / S - h y d r o x y s t e r o l  d dehydrogenase and d e l t a  -  
d e l t a 4  Isomerase a re  located  (TamaokI, 1973). Together,  these enzymes 
b r i n g  a b o u t  t h e  t r a n s f o r m a t i o n  o f  p r e g n e n o lo n e  t o  p r o g e s t e r o n e .  The  
major products o f  the  bovine CL a re  pregnenolone,  progesterone,  and I t s  
m e t a b o l i t e  20/8-d I hydroprogesterone (Mason e t  a l . ,  1962). Whi le  Savard 
and T e l e g d y  (1 9 6 5 )  s t a t e d  t h a t  t h e  b o v in e  CL d id  n o t  have t h e  enzymes  
necessary t o  syn th es ize  androgens from pro g e st ln s ,  Shemesh e t  a l .  (1975)  
r e p o r t e d  In  v i t r o  s y n t h e s i s  o f  t e s t o s t e r o n e  by l u t e a l  sI I c e s  t h a t  was 
f u r t h e r  s t i m u l a t e d  by LH, a r a c h l d o n l c  a c i d ,  and PGF2 *» A l th o u g h  I t  I s  
s t i l l  q u e s t io n ab le  whether  or  not the  bovine CL does synthes ize  t e s t o s ­
te rone ,  most evidence In d ic a te s  t h a t  t h i s  t i s s u e  Is  not a b le  t o  aroma­
t i z e  androgens  t o  e s t r o g e n s  (S a v a rd  and T e l e g d y ,  1 965 ;  Henderson and 
Moon, 1979; Koos and Hansel ,  1981; and U rse ly  e t  a I . ,  1981).
Progesterone .S.e.crs±l.P.n
Once synthes ized ,  the  progesterone must be secreted from the  lu te a l  
c e l l  I n t o  the  bloodstream. L i t t l e  Is  known about the  mechanism Involved  
In t h e  t r a n s p o r t  o r  r e l e a s e  o f  t h e  s t e r o i d  f rom  t h e  l u t e a l  c e l l  
(C av azo s ,  1 972 ) .  I t  has been g e n e r a l l y  assumed t h a t  s t e r o i d s  le a v e  
c e l l s  by s im ple  d i f f u s i o n  (Vogt,  1943) as soon as they a re  synthes ized  
(E n d e rs ,  1 9 7 3 ) .  In 1974 ,  Rubin e t  a l .  r e p o r t e d  t h a t  t h e  p e r f u s e d  c a t
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adrenal  gland secre ted  a p r o t e in  c o n c o m i tan t ly  w i th  c o r t i c o s t e r o i d s ,  and 
suggested t h a t  c o r t i c o s t e r o i d  re le a s e  did not occur by s im p le  d i f f u s i o n ,  
but might occur by exocytos ls .
The Id e a  t h a t  a s t e r o i d  m i g h t  be s e c r e t e d  by e x o c y t o s l s  would  
r e q u i r e  t h a t  t h e  s t e r o i d  be packaged In  some f o r m ,  w i t h  r e l e a s e  o f  a 
number o f  s t e r o id  molecules from a s in g le  s i t e .  In an u l t r a s t r u c t u r a l  
study of the  c y c l i c  ov ine  CL, Gemmel I e t  a l .  (1974) described the  pres­
ence of  s m a l l ,  densely s t a in i n g  granules  which Increased and decreased  
In number c o n c u r r e n t l y  w i t h  t h e  known p a t t e r n  o f  P4  s e c r e t i o n  o f  t h e  
gland. These workers concluded t h a t  P4  s e c re t io n  In th e  corpus Iuteum 
occurs by exocy tos ls  o f  these  s e cre to ry  granules.  The sec re to ry  gran­
u le s  w h I ch a r e  a I so p r e s e n t  I n t h e  bov I ne CL (Qu I rk  e t  a I . ,  1 9 7 9 ;  P a r r y  
e t  a l . ,  1 9 8 0 ) ,  a r e  t h o u g h t  t o  c o n t a i n  P4  bound t o  a c a r r i e r  p r o t e i n  
(Gemmel I and Stacy,  1979a; Sawyer e t  a l . ,  1979),  which is  e x p e l le d  from 
the  c e l l  when the  membrane surrounding the  granule  fuses w i th  and be­
comes Incorporated  I n t o  th e  plasma membrane (GemmelI and Stacy ,  1979b).
L e y m a r l e  and G u e r l g u l a n  (1 9 7 0 )  f i r s t  r e p o r t e d  t h e  p re s e n c e  o f  P4  
b i n d i n g  a c t i v i t y  In t h e  s o l u b l e  f r a c t i o n  o f  t h e  b o v in e  CL. A h l g h -  
a f f l n l t y  b i n d i n g  p r o t e i n  f o r  P4  was l a t e r  d e s c r i b e d  ( W I I I c o x  and 
Thorburn,  1981),  which was re leased  along w i th  P4  during  In v i t r o  Incu­
b a t i o n  ( W i l l  cox and A l I  son,  1 982 ) .  These r e s u l t s  t e n d  t o  s u p p o r t  t h e  
conte n t ion  t h a t  I n t r a c e l l u l a r  P4  Is  bound t o  a p ro te in  and re lea sed  v i a  
a sec re to ry  granule .
Cytochemical  I n v e s t i g a t i o n s  aimed a t  c h a r a c t e r i z i n g  the  nature  of  
th e  s e c r e t o r y  g r a n u l e s  have  had c o n f l i c t i n g  r e s u l t s .  Q u i r k  e t  a l .
( 1 9 7 9 ) ,  u t i l i z i n g  s u c r o s e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  o f  b o v in e  
lu te a l  t i s s u e  homogenates, have found e le c t r o n  dense granu les  In f r a c -
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t l o n s  which conta ined a high enr ichm ent  o f  progesterone.  These authors  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  p r o g e s t e r o n e  I s  s e q u e s t e r e d  w i t h i n  t h e  
sec re to ry  granules ,  and f u r t h e r  s t a t e  t h a t  a p ro te in  Is  probably  present  
w i t h i n  the  granules  t o  render  them e le c t r o n  dense. Sern la  e t  a l .  (1982)  
a t t e m p t e d  t o  e x t e n d  t h e s e  o b s e r v a t i o n s  u s in g  o v i n e  l u t e a l  t i s s u e  and 
exa m in ed  t h e  b i n d i n g  o f  P4  t o  p r o t e i n  w i t h i n  t h e  g r a n u l e s .  How ever ,  
they were unable t o  f i n d  any p ro ges terone -b ind ing  a c t i v i t y  In the  f r a c ­
t io n  co n ta in in g  the  g ran u les ,  o r  In the  medium of corpus Iuteum s l i c e s  
I ncu b a te d  I n  v I t r o . I t  was adm I t t e d  t h a t  t h e r e  I s  no cone I us I ve ev I -  
dence t h a t  P4  I s  t ra n s p o r te d  by these granules  In a prote in -bound form.
In t r y i n g  t o  e l u c i d a t e  t h e  mechanism o f  s t e r o i d  s e c r e t i o n ,  I t  
became c l e a r  f ro m  t h e  work  o f  V inson  e t  a l .  (1 9 7 9 )  t h a t  tw o  s t e r o i d s  
( c o r t i c o s t e r o n e  and 18-hydroxydeo xycor t lcos te rone  from the  adrenal cor ­
t e x )  can be r e l e a s e d  by t h e  same c e l l  I n d e p e n d e n t l y .  C o r t i c o s t e r o n e  
appears t o  be secre ted  by s im p le  d i f f u s i o n  w h i l e  s e c re t io n  o f  18-OH-DOC 
I n v o l v e s  a more c o m p le x  p ro c e s s  ( S i b l e y  e t  a l . ,  1 98 0 ;  S i b l e y  e t  a l . ,  
1 9 8 1 ) .  S in c e  t h e  o u t p u t  o f  t h e  tw o  s t e r o i d s  v a r i e d  I n d e p e n d e n t l y ,  I t  
was suggested t h a t  the  te rm s  "syn thes is ' 1 and "s e c re t io n "  were not neces­
s a r i l y  synonymous, a l though these two terms are  g e n e r a l l y  used I n t e r ­
changeably when r e f e r r i n g  t o  s t e r o id  production.  Th is  concept has been 
s u p p o r te d  by t h e  work  o f  Condon and P a t e  (1 9 8 1 )  who showed t h a t  syn­
t h e s is  and s e c re t io n  of  P4  from the  bovine CL could be a l t e r e d  Indepen­
d e n t ly  i n  v I t r o .
F u r t h e r  s u p p o r t  f o r  t h e  Id e a  t h a t  s e c r e t i o n  o f  a s t e r o i d  does n o t  
a lw a y s  o c c u r  a t  t h e  same r a t e  as I t s  s y n t h e s i s  has come f ro m  work  
I n v o l v e d  w i t h  t h e  c y t o s k e l e t o n  o f  s t e r o i d o g e n i c  cel  Is .  Gemmel I and 
Stacy (1977) I n je c t e d  ewes w i th  c o lc h ic in e ,  a drug which s p e c i f i c a l l y
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dl s ru p + s  t h e  mf c ro + u b u l  a r  s y s te m ,  and fo und  a b u l l d u p o f  P4  In  I u t e a l  
t i s s u e ,  b u t  a d e c r e a s e  In  p la sm a  P4 . T h i s  was s u p p o r t e d  u s in g  an i n  
v I t r o  system  o f  o v i n e  l u t e a l  s l i c e s  (S a w y e r  e t  a l . ,  1 9 7 9 ) .  A l s o ,  
B asset t  and P o l l a r d  (1980) suggested t h a t  m ic ro tu b u les  a re  Involved In 
the  process o f  s t e r o id  s e c r e t io n  In th e  r a t  adrenal  i n  v iv o .
In c o n t r a s t ,  A zh a r  and Menon ( 1 9 8 1 a )  and Gwynne and Condon (1 9 8 2 )  
w ere  n o t  a b l e  t o  d e m o n s t r a t e  an e f f e c t  o f  c o l c h i c i n e  on r a t  o r  b o v in e  
lu te a l  cel Is  In v i t r o . However, the  m l c r o f I  lament m o d i f i e r ,  c y t o c h a la -  
s ln  B, was a b l e  t o  d e c r e a s e  L H - s t I  mu I a t e d  P4  l e v e l s  In  o v i n e ,  r a t ,  and
b o v ln e  I u t e a l  c e l  I s  (S I  I a v l n  e t  a l . ,  1 98 0 ;  A zh a r  and Menon, 1 98 1 a ;  and
Gwynne and Condon, 1 9 8 2 ) ,  b u t  t h i s  was due t o  an e f f e c t  on s y n t h e s i s ,  
not  s e c r e t i o n ,  o f  t h e  s t e r o i d  (Gwynne and Condon, 1 98 2 ) .  T h i s  more  
r e c e n t  ev idence seems t o  In d i c a t e  t h a t  n e i t h e r  m icro tubu les  nor m lc ro -  
f I  I am ents  a r e  I n v o l v e d  I n t h e  s e c r e t o r y  p ro c e s s  o f  P4 , b u t  m I c r o f 1 1 a -  
ments a p p e a r  t o  be I n v o l v e d  In  t h e  a c t u a l  s y n t h e s i s  o f  P4 . I t  I s  
poss ib le  t h a t  the  r o l e  o f  m1 c r o f 1 1  aments may be t o  t r a n s p o r t  c h o le s te ro l  
t o  the  m i tochondr ia  ( C r l v e l l o  and J e fc o a te ,  1980),  or  to  r e g u la t e  cho­
le s te r o l  synthes is  by m o d i fy in g  the  a c t i v i t y  o f  HMG-CoA reductase  (Volpe  
and O b e r t ,  1 981 ) .
Although the  mechanism res p o n s ib le  f o r  the  I n t r a c e l l u l a r  t r a n s p o r t  
o f  P4  t o  t h e  p la sm a  membrane r e m a i n s  t o  be e l u c i d a t e d ,  I t  I s  wel  I -  
e s t a b l I  shed t h a t  once r e l e a s e d ,  t h e  s t e r o l d  t r a v e l s  t h r o u g h  t h e  bl ood 
bound t o  a p r o t e i n .  Cook e t  a l .  ( 1 9 7 7 )  have shown t h a t  b o v in e  p lasma  
c onta ins  a t  l e a s t  two p ro g e stero n e -b in d in g  p r o te in s ,  a lbumin and c o r t i -  
c o s t e r o l d - b l n d l n g  g l o b u l i n .  E i k - N e s  (1 9 7 5 )  and W e s tpha l  (1 9 8 0 )  have  
suggested t h a t  th e  presence of serum s t e r o ld - b I n d ln g  p ro te in s  Increases
s t e r o id  s e c r e t io n ,  and t h i s  has been supported by i n  v i t r o  work In the
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t e s t  I s (Ew I ng e t  a I . ,  1 9 7 6 )  and CL (Condon and P a t e ,  1 9 8 1 ) .
C h o le s te ro l  Metabol ism
C h o l e s t e r o l  Is  a n e c e s s a r y  s u b s t r a t e  f o r  P4  s y n t h e s i s  In t h e  CL 
( B l o c h ,  1945 ;  W i l k s  e t  a l . ,  1 9 7 0 ) .  As p r e v i o u s l y  m e n t i o n e d ,  t h e  s t e ­
ro id o g e n ic  c e l l s  have t h r e e  p os s ib le  sources from which t o  o b ta in  f r e e  
c h o l e s t e r o l :  n e w ly  s y n t h e s i z e d ,  s t o r e d  and c i r c u l a t i n g  c h o l e s t e r o l .
Although the  CL o f  the  cow possesses a l I  o f  the  enzymes re q u i re d  f o r  the  
t o t a l  s y n t h e s i s  o f  c h o l e s t e r o l  ( S a v a r d ,  1 9 7 3 ) ,  A r m s t r o n g  e t  a l .  (1 9 7 0 )  
have rep o r ted  t h a t  LH Is  a b le  to  Increase lu te a l  P4  p roduct ion  In v i t r o  
even In  t h e  p r e s e n c e  o f  a c h o l e s t e r o l  s y n t h e s i s  I n h i b i t o r .  LH a l s o  
decreased ^ C - a c e t a t e  In c o rp o ra t io n  I n t o  s t e r o l ,  I n d i c a t i n g  t h a t  choles­
t e r o l  s y n t h e s i z e d  de novo was p r o b a b l y  n o t  t h e  m a jo r  s u b s t r a t e  f o r  
h o r m o n e  s y n t h e s i s  I n  t h e  a c u t e l y  s t i m u l a t e d  l u t e a l  c e l l .
The co rp u s  Iu te u m  I s  a l s o  a b l e  t o  a c c u m u l a t e  l a r g e  amounts  o f  
c h o le s te r o l  In s to rage g ranu les ,  which have been descr ibed by Armstrong  
and F l i n t  ( 1 9 7 3 ) .  These  membrane-bound g r a n u l e s  c o n t a i n  c h o l e s t e r y l  
e s t e r ,  c h o l e s t e r o l ,  p r o t e i n  and p h o s p h o l I p l d ,  and s h r i n k  upon t r o p h i c  
s t i m u l a t i o n  o f  t h e  t i s s u e ,  as t h e  c h o l e s t e r o l  I s  u t l  I I zed f o r  s t e r o i d  
f o r m a t i o n .  C h o l e s t e r o l  I s e s t e r l f l e d  by a c y l  coenzyme A:Chol e s t e r o l  
acyl t r a n s f e r a s e ,  which Is  located In th e  microsomal membrane, and the  
c h o le s te r y l  e s t e r  Is  c leaved by the  c y t o s o l i c  enzyme c h o le s t e r y l  e s t e r  
hydrolase.  The r a t e  o f  e s t e r  I f I  c a t Io n  and e s t e r  h y d ro ly s is  Is  r e f l e c t e d  
In the  a c t i v i t i e s  o f  ACAT and CEH, which may be re g u la te d  by gonadotro­
p i n s ,  s u b s t r a t e  s u p p l y ,  s t e r o i d o g e n i c  e n d - p r o d u c t s ,  and s t a g e  o f  t h e  
e s t r o u s  c y c l e  ( C a f f r e y  e t  a l . , 1 9 7 9 ;  T a v a n I  e t  a l . ,  1 98 2 ;  r e v i e w e d  by 
S t r a u s s  e t  a l . ,  1 98 1 ) .  A l th o u g h  t h e  b o v in e  CL has been shown t o  have  
c h o le s t e r y l  e s t e r  s to res  and an a c t i v e  CEH (Coutts  and S ta n s f J e ld ,  1968;
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B Is g a le r  e t  a I . ,  1979),  th e  Importance o f  t h i s  enzyme Is  not c l e a r ,  s ince  
the  CL o f  the  cow s to res  much l a r g e r  q u a n t i t i e s  o f  f r e e  c h o le s te ro l  than  
c h o le s te r y l  e s t e r  (Hafs and Armstrong, 1968).
The r o l e  o f  exogenous c h o le s te ro l  as a precursor  f o r  s tero idogene­
s is  has been e x t e n s i v e l y  s tud ied  In r e c e n t  years.  When exogenous cho­
le s t e r o l  Is  lowered lu te a l  s te ro id o g en e s is  Is  g r e a t l y  decreased de sp i te  
I n c r e a s e d  de novo s t e r o l  s y n t h e s i s  and r e d u c e d  s t e r o l  e s t e r  s t o r a g e  
( C h r i s t i e  e t  a l . ,  1 9 7 9 ;  S c h u l e r  e t  a l . ,  1 9 7 9 ) .  S t r a u s s  e t  a l .  (1 9 8 1 )  
have c a lc u la t e d  t h a t  maximal r a t e s  o f  i te novo s ynthes is  can provide  on ly  
\0% o f  the  c h o le s te ro l  r e q u i re d  t o  meet o v ar ia n  demands.
Although r a t  lu te a l  c e l l s  (Azhar and Menon, 1981c) and c u l tu r e d  r a t  
gran  u I osa ce I Is  (Rosenb I urn e t  a I . ,  1 9 81 )  a r e  d e p e n d e n t  upon exogenous  
c h o l e s t e r o l  f o r  m a x im a l  s t e r o i d o g e n e s i s ,  f r e e  c h o l e s t e r o l  I s  a poor  
s u b s t ra t e  f o r  these cel Is. The m a j o r i t y  o f  the  c h o le s te ro l  In th e  blood 
Is  c a r r i e d  In the  form of  a l i p o p r o t e in  m olecule ,  and t h i s  l l p o p r o t e l n -  
c a r r l e d  c h o le s te ro l  may serve  as a s u b s t ra t e  f o r  s te ro ido genes is .  I t  
Is  l i k e l y  t h a t  s te r o id o g e n ic  c e l l s  u t i l i z e  low de n s i ty  l i p o p r o t e in  In a 
manner s i m i l a r  t o  t h a t  advanced by Brown and G o ld s te in  (1976) fo r  c u l ­
tu re d  human f i b r o b l a s t s .  B r i e f l y ,  th e  LDL molecule  binds t o  a s p e c i f i c  
c e l l  s u r f a c e  r e c e p t o r ,  c l  u s t e r s  I n t o  s p e c i a l I z e d  r e g i o n s  o f  t h e  ce l  I 
known as coated p i t s ,  and becomes I n t e r n a l i z e d  I n t o  the  c e l l  by a pro­
cess known as re c e p to r -m e d ia te d  endocytosls .  The LDL Is  t ra n s p o r te d  t o  
the  lysosome where I t  Is  degraded, r e le a s i n g  f r e e  amino ac id s  and cho­
l e s t e r y l  e s t e r ,  which Is  f u r t h e r  hydrolyzed t o  y i e l d  f r e e  c h o le s te r o l .  
This  c h o le s te ro l  Is  then a v a i l a b l e  f o r  membrane syn thes is ,  s tero idogene­
s is  or storage.  The m a j o r i t y  o f  evidence l i n k i n g  l i p o p r o t e in  uptake to  
ste ro id o g en e s is  has been obta ined  from s tu d ie s  w i th  the  adrenal c o r te x
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and has been reviewed by Brown e t  a l .  (1979).  Indeed, o f  the  many f resh  
t i s s u e s  examined by Kovanen e t  a l .  (1979),  the  adrenal  c o r te x  e x h i b i t s  
t h e  l a r g e s t  number o f  h ig h  a f f i n i t y  b i n d i n g  s i t e s  f o r  LDL, w h i l e  t h e  
corpus Iuteum ranks second.
Since the p ione er ing  work o f  Brown and G o ld s te in  (1976),  a w ea l th  
of  evidence has been presented s u p p o r t i n g  t h e  u t i l i z a t i o n  o f  l l p o p r o -  
t e l n - d e r l v e d  c h o l e s t e r o l  f o r  s t e r o id o g e n e s is  In many spec ies,  and has 
been e x t e n s iv e ly  reviewed by Gwynne and Strauss (1982).  In v e s t ig a t io n s  
I nvol  v I ng t h e  cow have so f a r  r e  I I ed sol  e I y on I n  v I t r o  s y s te m s ,  b u t  
c u l t u r e s  o f  b o v in e  g r a n u l o s a  c e l l s  ( S a v lo n  e t  a l . ,  1982 )  and l u t e a l  
c e l l s  ( P a t e  and Condon, 1 9 8 2 )  e x h i b i t  I n c r e a s e d  P4  p r o d u c t i o n  In t h e  
p r e s e n c e  o f  LDL. In t h e  r a t ,  I I p o p r o t e l  n -s u p p l  led  c h o l e s t e r o l  I s  t h e  
major s u b s t ra te  f o r  th e  manufacture  o f  s t e r o id  hormones In th e  a d rena l ,  
ovary and t e s t i s  J_n v iv o , and t h i s  species p r e f e r e n t i a l l y  u t i l i z e s  HDL- 
c h o le s te ro l  r a t h e r  than LD L-cho le s te ro l  (Andersen and D Ie ts chy ,  1978).
The mechanism o f  HDL u p ta k e  I s  I n c o m p l e t e l y  u n d e r s t o o d .  The HDL 
binding s i t e s  a re  d i s t i n c t  from the  LDL re ce p to r  but a re  not so p re c is e ­
ly  c h a r a c te r iz e d .  Rat l u t e a l  c e l l s  appear t o  use HDL-cho leste ro l  w i t h ­
out p r i o r  or s imultaneous  degradation  of  the  a p o l Ip o p ro te ln s  (Schuler  e t  
a I . ,  1 9 8 1 a ) ,  though r a t  g r a n u l o s a  ce l  I s  In  c u l t u r e  a r e  c a p a b l e  o f  de­
g r a d i n g  r a t  and human HDL ( S c h r e l b e r  e t  a l . ,  1 9 8 2 ) .  HDL i n c r e a s e s  P4  
production by bovine granulosa c e l l s  and l u t e a l  c e l l s  In c u l t u r e  (Savlon  
e t  a l . , 1 9 8 2 ;  Pate  and Condon, 1982),  presumably by p ro v id in g  c h o les te ro l  
t o  be used as s u b s t r a t e  f o r  s te ro id o g en es is .  Fur ther  study Is  re q u i re d  
t o  determine  how th e  HDL-cho lestero l  Is  re le ase d  I n t o  th e  c e l l .
The u t i l i z a t i o n  o f  va r io u s  c h o le s te ro l  sources f o r  s te ro id o g en e s is  
and c e l l u l a r  m a lnta inence  r e s u l t s  In a dynamic e q u i l i b r i u m  of choles­
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t e r o l  metabolism In lu te a l  c e l l s .  Cho lestero l  syn thes is ,  e s t e r l f I c a t l o n  
and h y d r o l y s i s  a r e  a d j u s t e d  In  a c c o rd a n c e  w i t h  a b a la n c e  b e tw ee n  t h e  
m e t a b o l I c  needs o f  th e  ce l  I and t h e  s u p p ly  o f  exogenous c h o l e s t e r o l .  
Regulat ion  Is  a t  l e a s t  p a r t i a l l y  exer ted  through modulat ion of  ACAT and 
HMG-CoA reductase ,  the  r a t e - 1  Im I t i n g  enzyme In  c h o l e s t e r o l  s y n t h e s i s ,  
w h i le  CEH and th e  c h o le s te ro l  s id e -c h a ln  c leavage enzyme do not appear  
t o  be r e g u l a t e d  by c h o l e s t e r o l  b a l a n c e  ( S c h u l e r  e t  a l . ,  1 9 8 1 b ) .  These  
l a t t e r  enzymes a r e ,  h o w e ve r ,  under  t h e  I n f l u e n c e  o f  t r o p h i c  hormone  
s t i m u l a t i o n .  When l i p o p r o t e i n - c a r r i e d  c h o le s te ro l  Is  s u f f i c i e n t  t o  meet  
th e  needs o f  the  c e l l  th e  f r e e  c h o le s te ro l  w i l l  Increase  th e  a c t i v i t y  o f  
ACAT, r e s u I  t i n g  In  a r i s e  In s t e r o l  e s t e r  s y n t h e s I  s. A t  t h e  same t l m e  
HMG-CoA reductase ,  and hence jds novo s te ro l  synthes is ,  a re  suppressed.  
I f  s te ro id o g en es is  Increases or l i p o p r o t e in  uptake Is  l i m i t e d ,  HMG-CoA 
reductase Is  s t im u la te d  and ACAT Is  suppressed; c e l l u l a r  c h o les te ro l  
s y n t h e s i s  I s  th u s  enhan ce d ,  and t h e  s t e r o l  e s t e r  pool I s  m o b i l i z e d  
( S c h u l e r  e t  a l . ,  1 9 8 1 b ) .
The c h o le s te ro l  balance of  the  c e l l  Is  most l i k e l y  a l t e r e d  by the  
s e c r e t o r y  s t a t e  o f  t h e  c e l l  ( S t r a u s s  e t  a l . ,  1 9 8 1 ) ,  and I s  t h e r e f o r e  
I n f l u e n c e d ,  e i t h e r  d i r e c t l y  o r  I n d i r e c t l y ,  by t h e  t r o p h i c  hormone.  
I n d i r e c t l y ,  t h e  g o n a d o t r o p i n  may a l t e r  enzyme f u n c t i o n  by I n c r e a s i n g  
I n t r a c e l l u l a r  s t e r o id  l e v e ls  and lower ing  f r e e  c h o le s t e r o l .  I t  Is  a ls o  
l i k e l y  t h a t  c h o les te ro l  uptake Is  d i r e c t l y  a f f e c t e d  by the gonadotropin,  
s i n c e  b o v in e  o v a r i e s  p e r f u s e d  w i t h  LH a cc um ula te  more ^H -c h o le s te ro l  
th a n  n o n - s t l m u l a t e d  o v a r i e s  ( B a r t o s l k  and R o m a n o f f ,  1 9 6 9 ) ,  and ACTH 
s t im u la t e s  th e  uptake of  plasma c h o le s te ro l  by the  r a t  adrenal  (Dexter  
e t  a l . ,  1 9 7 0 ) .  The t r a n s f e r  o f  HDL-cho l  e s t e r o l  I n t o  r a t  a d r e n a  I c e l l s  
Incubated I n  v i t r o  Is  Increased In the  presence of ACTH (Gwynne e t  a l . ,
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1 9 7 6 ) ,  and Kovanen e t  a l .  (1 9 8 0 )  w ere  a b l e  t o  I n c r e a s e  t h e  numbers  o f  
adrenal  LDL re c e p to rs  2 -  t o  5 -  f o ld  In mice or  r a t s  by a d m i n i s t r a t i o n  of  
ACTH. I t  wou ld  o b v l o u s l y  be p h y s l c a I  Iy  a d v a n ta g e o u s  I f  LH I n c r e a s e d  
lu te a l  uptake of  1 1 p o p r o te ln -c h o le s te r o l  c o n c u r re n t ly  w i th  the  s t i m u l a ­
t i o n  o f  s te ro id o g en e s is .
Lute.olys.Ijs
The t r a n s i e n t  n a t u r e  o f  t h e  c o rp u s  Iu te u m  I s  p r o b a b l y  I t s  m ost  
unique f e a t u r e .  " I t s  e p h e m e r a l I t y  Is  I t s  most d i s t i n g u i s h i n g  and Impor­
t a n t  c h a r a c t e r i s t i c . . . a n d  I f  th e r e  Is  a basic ,  common system of r e g u la ­
t i o n  o f  a l l  mammalian CL, th e  c lu e  t o  I t s  na ture  must be In what causes 
e p h e m e ra l I t y "  (Rothch11d,  1 98 1 ) .
Normal lu te a l  regress ion  Invo lves  both autophagic and heterophaglc  
p r o c e s s e s ,  as I n d i c a t e d  by t h e  p r e s e n c e  o f  lysosomes and a c t i v a t e d  
macrophages  a s s o c i a t e d  w i t h  t h e  m o r p h o l o g i c a l  d e s t r u c t i o n  o f  t h e  CL 
(M cC le l la n  e t  a l . ,  1977; Paavola,  1979). However, t h i s  Is  a r e l a t i v e l y  
s low p r o c e s s  s i n c e  f u n c t i o n a l  l u t e o l y s l s  p r e c e e d s ,  and I s  much more  
r a p id  than s t r u c t u r a l  l u t e o l y s l s  (Umo, 1975). Functiona l  l u t e o l y s l s  Is  
marked by a p r e c ip i t o u s  d e c l in e  In plasma P4  and a loss of  the  a b i l i t y  
o f  t h e  CL t o  re sp o n d  t o  t r o p h i c  s t i m u l a t i o n .  A l th o u g h  t h e  CL had been  
under  g o n a d o t ro p h  I c  I n f l u e n c e  f o r  m aximal  p r o g e s t e r o n e  s y n t h e s i s ,  a 
mechanism o th e r  than s im ply  the  w i thdrawal  o f  p i t u i t a r y  support  appears  
t o  e x i s t  f o r  the  I n i t i a t i o n  o f  l u t e o l y s l s  (McCracken e t  a l . ,  1973).
In 1956, W l l tbank  and Caslda repor ted  t h a t  hysterectomy prolonged  
t h e  l i f e  span o f  t h e  CL In  sheep and cows. S in c e  t h a t  t i m e  I t  has  
become c l e a r  t h a t  t h e  p re s e n c e  o f  t h e  u t e r u s  I s  n e c e s s a ry  f o r  normal  
l u t e a l  r e g r e s s i o n .  More  s p e c i f i c a l l y ,  e x p e r im e n t s  w I th  u n i l a t e r a l l y  
hysterectom ized  ewes and h e i f e r s  dur ing normal and a r t i f i c i a l l y  Induced
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l u t e o l y s l s  rev e a le d  t h a t  th e  r e t a in e d  u t e r i n e  horn must be I p s l l a t e r a l  
t o  t h e  o v a r y  b e a r i n g  t h e  CL In  o r d e r  f o r  r e g r e s s i o n  t o  o c c u r .  T h i s  
s u g g e s te d  a l o c a l  e f f e c t  o f  t h e  u t e r u s  on t h e  o v a r y  (Hanse l  e t  a l . ,  
1973).
P rostag land in
In 1966,  Babcock f i r s t  suggested t h a t  a p ro s ta g lan d in  might  be the  
substance re le a se d  from th e  u te ru s  w h ich  causes  l u t e o l y s l s .  P h a r r  I s s  
and Wyngarden (1969) I n je c t e d  PGF2 *  I n t o  r a t s  and noted a drop of serum 
P4  and a s h o r t e n i n g  o f  pseu d o p reg n an c y .  S in c e  PGF2 C* was an a b u n d a n t  
u t e r i n e  p r o s t a g l a n d i n  t h e y  p o s t u l a t e d  t h a t  I t  m i g h t  be t h e  u t e r i n e  
lu te o ly s f n .  A d m in is t r a t io n  o f  PGF2 ^  was l a t e r  found t o  Induce lu te a l  
r e g r e s s i o n  In  both l a b o r a t o r y  and d o m e s t i c  a n i m a l s  ( r e v i e w e d  by 
El I Inwood e t  a l . ,  197 8 ;  In s k e e p ,  1 9 7 3 ) .  McCracken e t  a l .  (1 9 7 2 )  mea­
sured a r i s e  In u t e r i n e  s e c r e t io n  of  PGF2 ^ In c y c l i c  ewes which c o r re ­
l a t e d  w i t h  t h e  drop In  P4 . A l s o ,  I n f u s i o n  o f  PGF2 rt I n t o  t h e  o v a r i a n  
blood supply caused l u t e o l y s l s ,  and I t  was concluded t h a t  PGF2<*  was the  
u t e r in e  l u t e o l y t l c  hormone In th e  ewe. Fu r th e r  evidence t o  support  t h i s  
conclusion In sheep has been reviewed by Godlng (1974).  PGF2 <* has a ls o  
been I m p l i c a t e d  as t h e  u t e r i n e  l u t e o l y s f n  In t h e  cow; l e v e l s  o f  t h i s  
p r o s t a g l a n d i n  r i s e  around t h e  t i m e  o f  l u t e o l y s l s  (N a n c a rro w  e t  a l . ,  
1973),  and Indomethacln I n je c t e d  I n to  th e  u t e r i n e  horn a d ja c e n t  t o  the  
CL p r e v e n t e d  normal l u t e a l  r e g r e s s i o n  In  ewes and h e i f e r s  ( L e w i s  and 
Warren,  1977).
The bovine CL does have re c e p to rs  f o r  PGF2 *  (Powel I e t  a l . ,  1975),  
and t h e  b i n d i n g  a f f i n i t y  o f  t h e  r e c e p t o r  f o r  PGF2 0< I n c r e a s e s  2 0 3 - f o l d  
from day 13 t o  day 20 o f  t h e  e s t r o u s  c y c l e  (Rao e t  a l . ,  1 9 7 9 ) .  PGF2 *  
b i n d i n g  I s  low I n t h e e a r l y  I u t e a l  phase In  t h e  cow, b u t  r e c e p t o r s  a r e
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p r e s e n t  (Rao e t  a I . ,  1 9 7 9 ) ,  w h i l e  I n t h e  r a t  t h e  a f  f  I nl  t y  and c a p a c l  t y  
o f  PGF2 o( r e c e p t o r s  do n o t  change be tw ee n  days 4 and 10 ( W r i g h t  e t  a i . ,
1980).  T h is  Is  I n t e r e s t i n g  because the  CL is  r e f r a c t o r y  t o  th e  e f f e c t s  
o f  PGF2 ^  on days 1 -4  o f  t h e  e s t r o u s  c y c l e  In  t h e  cow ( I n s k e e p ,  1973 ;  
H e n r l c k s  e t  a l . ,  1 9 7 4 ) .  Rao e t  a l .  (1 9 7 9 )  and W r i g h t  e t  a l .  (1 9 8 0 )  do 
n o t  a t t r i b u t e  t h i s  r e f r a c t o r i n e s s  t o  a la c k  o f  PG r e c e p t o r s .  W ise  e t  
a l .  (1 9 8 2 )  have s u g g e s te d  t h a t  PG?2<* maV no’*’ r e a c h CL e a r l y  In  t h e  
cyc le  because blood f low  Is  shunted toward th e  u te rus  and away from the  
ovary dur ing t h i s  t i m e  
.Con n£er=Curr.e.nA .Theory
I f  PGF2 ^  I s  th e  u t e r i n e  l u t e o l y s l n ,  and I f  I t  ac ts  d i r e c t l y  on th e  
corpus Iuteum, then a unique t r a n s p o r t  mechanism must e x i s t  t o  t r a n s p o r t  
th e  molecule  from the  u te rus  t o  th e  ovary.  I f  p ro s tag lan d in  leaves the  
u t e r u s  and t r a v e l s  t h r o u g h  t h e  s y s t e m i c  c i r c u l a t i o n ,  most o f  t h e  b i o ­
lo g ica l  a c t i v i t y  w i l l  be l o s t  upon passage through the  lungs. In sheep 
and cows th e  o v ar ia n  a r t e r y  Is  h ig h ly  convoluted and l i e s  on the  sur face  
of  the  u t e r o - o v a r I  an v e in  be fo re  e n t e r in g  the  h l l u s  o f  the  ovary.  This  
anatomical  f e a t u r e  of  the  u te r o -o v a r  I an v a s c u l a t u r e  p rom pted  t h e  id ea  
t h a t  the  l u t e o l y t l c  hormone might d i f f u s e  out of  th e  u t e r o -o v a r Ia n  ve in  
and I n t o  the  o var ian  a r t e r y  by a c o u n t e r - c u r r e n t  mechanism and t r a v e l  
d i r e c t l y  t o  th e  ovary.  Th is  process would account f o r  the  n ecess i ty  of  
the  uterus t o  be I p s l l a t e r a l  t o  the  CL-bear lng ovary.  The u te r o -o v a r I  an 
v a s c u l a t u r e  o f  many s p e c i e s  and t h e  e v i d e n c e  s u p p o r t i n g  t h e  c o u n t e r -  
c u r r e n t  t h e o r y  have been e x t e n s i v e l y  r e v i e w e d  by G l n t h e r  (1 9 7 4 )  and  
McCracken e t  a l .  (1973).
The f i r s t  evidence t o  support  a c o u n t e r - c u r r e n t  theory  of  p ros ta ­
g landin  t r a n s p o r t  came from the  work of  McCracken e t  a l .  (1972).  These
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workers In fused ^H-PGF2 e*  i n t o  th e  u t e r i n e  v e in s  of  ewes and recovered  
the  l a b e l l e d  compound in much g r e a t e r  q u a n t i t i e s  from ovar ian  a r t e r i a l  
b lood  th a n  f rom  p e r i p h e r a l  s a m p le s .  A number o f  s i m i l a r  e x p e r i m e n t s  
have s u p p o r t e d  t h i s  w o r k ,  and A lw a c h I  e t  a l .  ( 1 9 8 1 )  have p o i n t e d  o u t  
t h a t  p ro s ta g land in  may pass t o  the  ovar ian  a r t e r y  v i a  th e  ovI  ducal ve in  
as w e l l  as from the  u te r o -o v a r I  an ve in .  Whi le  I t  may seem q u e s t io n ab le  
t h a t  a p r o s t a g l a n d i n  m o l e c u l e  can d i f f u s e  t h r o u g h  t h e  a r t e r i a l  wal  I ,  
r e c e n t  e v i d e n c e  has shown t h a t  l a r g e r  s t e r o i d  m o l e c u l e s  may a l s o  be 
c a p a b l e  o f  c o u n t e r - c u r r e n t  t r a n s f e r .  Walsh e t  a l .  ( 1 9 7 9 )  and E in e i—  
Jensen and McCracken (1 9 8 1 )  have  r e p o r t e d  d i f f u s i o n  o f  f rom  t h e  
o v a r i a n  v e i n  I n t o  t h e  o v a r i a n  a r t e r y  In sheep,  and t h e  t r a n s f e r  o f  
te s to s te ro n e  w i t h i n  the  o v ar ia n  v a sc u la r  p e d ic le  may occur In the  cow 
( K o t w ic a  e t  a l . ,  1 9 8 2 ) .  T h i s  mechanism f o r  p r o v i d i n g  t h e  o v a r y  w i t h  
high c o n c e n tra t io n s  of  o v a r Ia n - s e c r e t e d  s t e r o id s  may serve  as a means of  
local  r e g u l a t i o n  of  ov a r ia n  fu n c t io n .
A l th o u g h  t h e  c o u n te i— c u r r e n t  t h e o r y  Is  g e n e r a l l y  accepted In the  
sheep, i t  has not been f i r m l y  e s t a b l is h e d  t h a t  t h i s  mechanism e x i s t s  in 
t h e  cow. Shemesh and Hansel  ( 1 9 7 5 a )  o b s e r v e d  t h a t  c o n c e n t r a t i o n s  o f  
PGF2 <sC r o s e  In t h e  u t e r i n e  v e i n  on days 1 5 - 1 7  o f  t h e  e s t r o u s  c y c l e ,  b u t  
t h e y  c o u ld  n o t  measure  an I n c r e a s e  In t h e  o v a r i  an a r t e r y .  Mi I v a e  and 
Hansel (1980a) obta ined s i m i l a r  r e s u l t s  a f t e r  I n j e c t i o n s  of  oxy toc in  t o  
s t i m u l a t e  u t e r i n e  r e l e a s e  o f  PGF2 * .  M i l v a e  and Hansel  (1 9 8 3 )  l a t e r  
p o s tu la te d  t h a t  perhaps a m e t a b o l i t e  o f  PGF2 ^  was t r a n s f e r r e d  t o  the  
o var ian  a r t e r y  and was not de tected  by t h e i r  assay f o r  PGF2 C< . They did  
f i n d  one m e t a b o l i t e  o f  PGF2 <* » 13,14—d I hydro-PGF2 ^  , t o  be l u t e o l y t i c  in 
hei f e r s .
Poss ib le  Mechanisms o f  Act ion  of  PGFou
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W h i l e  I t  I s  recogn I zed  t h a t  PGF2 ^  I s  I u t e o l  y t l  c In  many s p e c i e s ,  
t h e  manner  In  w h ich  I t  b r i n g s  a b o u t  r e g r e s s i o n  o f  t h e  CL I s  unknown.  
PGF2 *  Is  a p o te n t  v e n o c o n s t r Ic to r ,  and t h e r e f o r e  m ig h t  a c t  on th e  vascu­
l a t u r e  t o  r e s t r i c t  t h e  b lo o d  s u p p ly  t o  t h e  o v a r y .  N Is w e n d e r  e t  a l .  
(1976) have reviewed the  r e l a t i o n s h i p  between blood supply and o var ian  
fu n c t io n ,  and noted t h a t  dur ing  regress ion  the  blood f low  t o  the ovary  
was decreased. Th is  a ls o  occurred dur ing P G F ^ - I  nduced l u t e o l y s l s ,  and 
I t  was suggested t h a t  the  decreased blood f low  m ight  l i m i t  the  a v a i l ­
a b i l i t y  of  LH t o  the  lu te a l  c e l l s .  Whi le  NIswender (1981) has reported  
a decrease In o v a r ia n  blood f lo w  w i t h i n  2 hours a f t e r  PGF2 <* I n j e c t i o n  In 
sheep, Wehrenberg e t  a l .  (1979) could not measure any decrease In blood 
f  I ow f  o i l  ow I ng PGF2 c< a dm I n I s t r a t i  on In  gu I nea p ig s .  SI nee t h e r e  a r e  
fu n c t io n a l  a r t e r lo - v e n o u s  anastomoses In sheep o v a r ie s  (M a t tn e r  e t  a I . ,
1 9 8 1 ) ,  I t  I s  p o s s i b l e  t h a t  b lood  c o u ld  be d i v e r t e d  away f rom t h e  CL 
w i th o u t  a change In o v e r a l l  blood supply t o  the ovary .  However, In PGF^  
- I n j e c t e d  pseudopregnant r a t s ,  Pang and Behrman (1979) did not d e t e c t  a 
change In  b lo o d  f l o w  t o  t h e  CL b e f o r e  t h e  drop  In  p lasm a P4 . The  
d i f f e r e n c e s  re p o r ted  here could be due t o  species d i f f e r e n c e s ,  or t o  the  
techniques employed t o  measure changes In blood supply.  Obviously ,  more 
work  must be done t o  d e te rm  I ne I f  PGF2 A causes  I u t e o l  y s l  s by venocon­
s t r  I c t l  on.
Since th e  CL co n ta in s  rece p tors  f o r  PGF2 ^  i t  would seem reasonable  
t h a t  t h i s  p r o s t a g l a n d i n  c o u ld  e x e r t  a d i r e c t  e f f e c t  on t h e  CL I t s e l f .  
D u r in g  I u t e o l  y s l  s In  t h e  r a t ,  t h e  r a t i  o o f  P4  t o  I t s  m etabo l  I t e  2 0 * -  
dI h y d r o p r o g e s t e r o n e  I s  g r e a t l y  d e cre a s e d  ( W I e s t  and K i d w e l l ,  1969;  
Aakvaag and Tor jesen ,  1981).  I t  has been suggested t h a t  PGF2 may lower  
c i r c u l a t i n g  P4  by a c c e l e r a t i n g  I t s  breakdown (Lau e t  a l . ,  1 9 7 9 ) ,  and
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t h i s  I s  s u p p o r te d  by t h e  work o f  Jones and Hsueh (1 9 8 1 )  who measured a 
PGF2 0l- Induced Increase In 20<*.-hydroxysterold dehydrogenase a c t i v i t y  In 
c u l t u r e d  r a t  g r a n u l o s a  c e l l s .  PGF2 <* can a l s o  d e c r e a s e  o t h e r  l u t e a l  
enzym es ,  such as 3 / S - h y d r o x y s t e r o l d  de h yd ro g en a s e  (Dwyer  and Church ,
1979), c h o le s te ro l  e s te ra s e  and c h o le s te ro l  synthetase  (Behrman e t  a l . ,  
1 9 7 1 ) ,  which  would  I n t e r r u p t  t h e  normal c h o l e s t e r o l  b a l a n c e  and 
s te ro id o g e n ic  pathway o f  th e  c e l l .
In 1976, Gr lnwlch  e t  a l .  showed t h a t  PGF2 flk- Induced l u t e o l y s l s  was 
acc om pan ied  by a d e c r e a s e  In t h e  number o f  LH r e c e p t o r s  In  t h e  r a t  
corpus  Iu te u m .  T h i s  o b s e r v a t i o n  was l a t e r  c o n f i r m e d  In t h e  o v i n e  
(D lekman e t  a l . ,  1978b) and b o v in e  ( S p i c e r  e t  a l . ,  1981 )  CL, b u t  In  
t h e s e  l a t t e r  case s  t h e  d e c r e a s e  In  LH r e c e p t o r s  o c c u r r e d  a t  l e a s t  12 
hours  a f t e r  t h e  f a l  I In  p lasm a  P4 . I t  w ou ld  seem, t h e r e f o r e ,  t h a t  t h e  
lo s s  In  g o n a d o t r o p i n  r e c e p t o r s  would  be a c h r o n i c  e f f e c t  o f  *
r a t h e r  than the  I n i t i a l  cause o f  the  P4  d e c l in e .
Probably  the  most I n t r i g u i n g  aspect- of  PGF2 ^  a c t io n  Is  the  dispa­
r a t e  r e s u l t s  obta ined  dur ing  J_n v i t r o  Incubat ion  of  lu te a l  t i s s u e  w i th  
t h i s  hormone. In 1 t o  4 hour Incubat ions  of  bovine lu te a l  t i s s u e  s l i c e s  
( S p e r o f f  and R a m w e l l ,  1 970 ;  Hansel  e t  a l . ,  1973 )  o r  d i s p e r s e d  l u t e a l  
c e l l s  (HIxon and Hansel ,  1979) ,  PGF2o( s t lm u la t e d  progesterone production  
above contro l  l e v e ls .  Th is  e f f e c t  o f  the  pros tag land in  was d i f f i c u l t  t o  
r e c o n c i l e  w i th  I t s  known l u t e o l y t f c  a c t io n  In v iv o . However, O'Grady 
e t  a l .  (1972) and Hal l  and Robinson (1979) repor ted  t h a t  I n h i b i t e d
basal progesterone product ion  by Incubated lu te a l  t i s s u e  from th e  r a b b i t  
and r a t ,  r e s p e c t i v e l y .  In f u r t h e r  s tu d ie s ,  I t  was found t h a t  PGF2 ,* had 
no e f f e c t  on basal l e v e ls  o f  P4 , but was ab le  t o  suppress L H -s t Im u la te d  
P4  In  t i s s u e  s l i c e s  f r o m  t h e  r a t  and t h e  ewe ( E v r a r d  e t  a l . ,  1 978 )  and
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in  d i s p e r s e d  ce l  I s  f rom t h e  r a t  ( W r i g h t  e t  a l . ,  1 9 8 0 ) .  These f i n d i n g s  
a r e  s i m i l a r  t o  t h o s e  o f  Thomas e t  a l .  (1 9 7 8 )  who u t i l i z e d  a 2 hour  
c u l t u r e  o f  r a t  lu te a l  c e l l s .  In t h i s  system, PGF2 rt s t im u la t e d  basal P4  
production In a dose-dependent manner, but  L H - s t im u la te d  s te ro id o g en e s is  
was com ple te ly  In h i b i t e d .  However, i f  dbcAMP was added t o  the  c u l t u r e  
medium, the e f f e c t s  o f  th e  p ros tag lan d in  were overcome, prompting the  
authors  t o  conclude t h a t  th e  mechanism of a c t io n  of  PGF2 <5< was t o  block  
th e  LH-dependent fo rm a t io n  of  cAMP.
Using a d i f f e r e n t  approach, Jordan (1981) i n je c t e d  r a t s  w i th  PGF2  
then removed the  lu te a l  t i s s u e  and exa m in ed  i n  v i t r o  s t e r o i d o g e n e s i s .  
Luteal  c e l l s  from PGF2 Ct- t r e a t e d  r a t s  were less responsive  to  both LH and 
dbcAMP I n  v i t r o . and i t  was concluded t h a t  th e  major  s i t e  o f  a c t io n  of  
PGF2 oi was a t  a p o in t  d i s t a l  t o  th e  accumulation of  cAMP. The reason f o r  
the  d i f f e r e n c e s  between thes e  l a s t  two s tu d ie s  Is  not known, but i t  may 
be t h a t  PGF2 <* has d iv e r g e n t  e f f e c t s  on the  lu te a l  c e l l  I n  v iv o  and In 
v I t r o . Khan e t  a l .  ( 1 9 7 9 )  and Khan and Rosberg (1 979 )  w ere  a b l e  t o  
i n h i b i t  L H - s t im u la te d  a d en y la te  cyc lase  a c t i v i t y  in r a t  corpora Iu te a  by 
p r i o r  a d m in is t r a t i o n  o f  PGF2 ^  to  the  an im a ls ,  bu t  i t  was not determined  
I f  th e r e  was a les io n  in the  s te ro id o g e n ic  pathway beyond cAMP produc­
t i o n .  In c o n t r a s t  t o  t h e s e  s t u d i e s ,  Weston and HIxon (1 9 8 0 )  r e p o r t e d  
t h a t  w h i l e  PGF2 <* a dm i n i  s t e r e d  t o  cows caused a dec I i ne in  pi asm a and 
lu te a l  P4  co n c e n t ra t io n s ,  the  t i s s u e  remained responsive  to  LH dur ing  
subsequent in v i t r o  Incubat ion .  Due t o  paradoxical  e f f e c t s  of  PGFo^. in 
v i v o  and _Ln v I t r o . and t h e  v a r i  a b i  I I t y  in  t h e  re s p o n s e  t o  t h e  p r o s t a ­
g land in  in v i t r o ,  the  mechanism of  a c t io n  of  P * ^ ^  has thus f a r  remained  
e l u s i v e .
A novel  c o n c e p t  c o n c e r n i n g  co rp u s  Iu teum  r e g r e s s o n  has r e c e n t l y
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been proposed t o  Invo lve  changes In membrane f l u i d i t y .  Using wide angle  
x - r a y  d i f f r a c t i o n ,  Buhr  e t  a l .  (1 9 7 9 )  and C a r l s o n  e t  a l .  (1 9 8 2 )  have  
shown t h a t  r a t  and bovine lu te a l  c e l l  membranes undergo a change from a 
l i q u i d  phase t o  a gel phase dur ing spontaneous and PGF2 <*- Induced  I u t e o -  
l y s ls .  The Increase  In membrane v is c o s i t y  Is  thought  t o  be p a r t l y  due 
t o  an In c r e a s e d  c o n c e n t r a t i o n  o f  s p h i n g o m y e l i n  In  membranes o f  t h e  
r e g r e s s i n g  CL ( G o o d s a ld - Z a ld u o n d o  e t  a l . ,  1 9 8 2 ) ,  and I t  I s  s u g g e s te d  
t h a t  t h i s  I s  an e f f e c t  o f  e x p o s u re  o f  t h e  CL t o  PGF2 C#. I f  ' s
ab le  t o  cause th e  lu te a l  c e l l  membrane t o  become less f l u i d ,  t h i s  would 
obviously  In f lu e n c e  the  s te ro id o g e n ic  p o t e n t ia l  o f  the  c e l l .  Membrane 
g o n a d o t r o p i n  r e c e p t o r s  and a d e n y l a t e  c y c l a s e  m o l e c u l e s  would  be 
I m m o b i l i z e d ,  s e v e r e l y  r e d u c i n g  t h e  o p p o r t u n i t y  f o r  c o u p l i n g  and 
render ing  th e  c e l l  unresponsive t o  gonadotropin s t i m u l a t i o n .  This  model 
f o r  PGF2 a  a c t i o n  a p p e a r s  p r o m i s i n g ,  b u t  I t  must  be d e t e r m i n e d  I f  t h e  
membrane phase changes o c c u r  as a r a p i d  r e s p o n s e  t o  PGF2 ^» o r  I f  t h e  
a l t e r a t i o n s  In  membrane f l u i d i t y  a r e  a consequence  o f  p r e v i o u s l y  
I n i t i a t e d  c e l l  death.
Oxytocin  and L u te o ly s is
In 1959,  Armstrong and Hansel noted t h a t  d a l l y  i n j e c t i o n s  of  oxy­
t o c i n  d u r i n g  t h e  f i r s t  week o f  t h e  b o v in e  e s t r o u s  c y c l e  r e s u l t e d  In  
p r e m a t u r e  r e g r e s s i o n  o f  t h e  CL and a s h o r t e n e d  c y c l e .  S t a p l e s  and 
Hansel (1961) re p o r te d  t h a t  ox ytoc in  caused a d e p le t io n  o f  lu te a l  pro­
gesterone.  T h is  l u t e o l y t t c  e f f e c t  of  ox y toc in  re q u i re s  the  presence of  
t h e  u t e r u s ,  and G l n t h e r  e t  a l .  (1 9 6 7 )  showed t h a t  In  u n i l a t e r a l l y  
hysterec tom ized  h e i f e r s ,  ox y toc in  Induces lu te a l  regress ion  only  i f  the  
r e t a in e d  horn Is  1p s l l a t e r a l  t o  the  ovary bear ing  the  CL, suggest ing a 
local u te r o -o v a r Ia n  mechanism fo r  oxytocin  a c t io n .
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In 1976, Roberts  and McCracken re p o r te d  t h a t  o x y to c in  Infused I n to  
the  u terus  of  the  c y c l in g  ewe s t im u la t e d  u t e r i n e  production  o f  on
day 3 and day 14 o f  t h e  e s t r o u s  c y c l e .  I n v I t r o  I n c u b a t i o n  o f  o v i n e  
endometr ia l  t i s s u e  w i th  ox y toc in  r e s u l t s  In Increased syn th es is  of  
( R o b e r t s  e t  a l . ,  1 9 7 6 ) ,  and McCracken (1 9 8 0 )  has p o s t u l a t e d  t h a t  t h e  
l u t e o l y t l c  e f f e c t s  o f  ox y toc in  could be mediated through ?G?2<K
Recent ly ,  a high c o n c e n t ra t io n  of  ox y toc in  was found t o  be present  
In t h e  o v i n e  CL (W ath es  and Swann, 1 9 8 2 ) ,  and t h e s e  a u t h o r s  s u g g e s te d  
t h a t  I t  was o f  l u t e a l  o r i g i n .  T h i s  Id e a  was s u p p o r t e d  by t h e  work  o f  
F l i n t  and S h e ld r lc k  (1982),  who measured ox y toc in  In ov ar ia n  venous and 
a r t e r i a l  b lo o d .  The c o n c e n t r a t i o n  o f  o x y t o c i n  was much g r e a t e r  In  
ovar ian  venous blood and was Increased by I n j e c t i o n  of  a PGF2 ri analogue.  
Jugular  venous c o n c e n t ra t io n s  o f  o x y t o c i n  p a r a l l e l  t h o s e  o f  P4  d u r i n g  
the  ov ine  es t rous  c y c le ,  suggest ing t h a t  t h i s  p r o t e in  hormone Is  being  
re le ase d  from the  CL c o n c u r r e n t ly  w i th  P4  ( F l i n t  and S h e ld r lc k ,  1983).  
Although t h i s  work seems t o  support  th e  Idea t h a t  ox y toc in  Is  s tored  In 
and secreted by th e  CL, I t  Is  not known I f  th e  I n t r a l u t e a l  ox y toc in  Is  a 
r e s u l t  o f  u p ta k e  and s t o r a g e  f rom  t h e  b lood  o r  de novo s y n t h e s i s  o f  
o x y t o c i n .  The p r e s e n c e  o f  o x y t o c i n  In  t h e  CL r a i s e s  t h e  q u e s t i o n  o f  
whether  t h i s  pep t ide  hormone Is  Involved In normal lu te a l  fu n c t io n  and 
r e g u l a t i o n  o f  t h e  e s t r o u s  c y c l e .  F l i n t  and S h e l d r l c k  (1 9 8 3 )  a l s o  
measured Increased oxytoc in  c o n ce n t ra t io n s  c o in c id in g  w i th  th e  surges of  
PGF2 <* around the  t im e  o f  l u t e o l y s l s .  Since oxy toc in  s t i m u l a t e s  PGF2 <* 
r e l e a s e  f rom t h e  e n d o m e t r iu m ,  and I t  a p p e a rs  t h a t  PGF2 <^  I n c r e a s e s  
ov ar ia n  s e c re t io n  of  o x y to c in ,  I t  Is proposed t h a t  a t  the  t im e  of lu te a l  
regress ion ,  a p o s i t i v e  feedback loop Is e s t a b l is h e d  between the  ox y toc in  
from the  ovary and the  PGF2 0 C from the  uterus  t o  ensure the  demise of  the
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CL. The Id e a  o f  a p o s i t i v e  f e e d b a c k  I s  n o t  e n t i r e l y  new, s in c e  
R o t h c h I I d  (1 9 8 1 )  has I n d l c a t e d  t h a t  many a s p e c t s  o f  l u t e a l  f u n c t i o n ,  
both l u t e o t r o p l c  and l u t e o l y t l c ,  may r e l y  on p o s i t i v e  fe e d b a c k  mech­
anisms.
I n t r a l u t e a l  Pros-taglandins
The b o v in e  CL i s  a b l e  t o  s y n t h e s i z e  PGF, and t h i s  s y n t h e s i s  Is  
s t i m u l a t e d  by LH (Shemesh and H a n s e l ,  1975b;  H Ixon  and H a n s e l ,  1 9 7 9 ) .  
Rat granulosa  c e l l s  _Lo v i t r o  can a ls o  s yn th es ize  p ro s tag land ins ,  and LH 
I n c r e a s e s  p r o s t a g l a n d i n  s y n t h e t a s e  a c t i v i t y  ( C l a r k  e t  a l . ,  1978 ;  Koos 
and C l a r k ,  1 9 8 2 ) .  A l th o u g h  I t  may seem c o n t r a d i c t o r y  t h a t  a t i s s u e  
w o u ld  s y n t h e s i z e  t h e  v e r y  compound t h a t  w i l l  e v e n t u a l l y  cause  I t s  
d e s t r u c t i o n ,  t h i s  f a c t  may p r o v i d e  an I m p o r t a n t  I n s i g h t  I n t o  undei—  
s t a n d i n g  t h e  t r a n s i e n t  n a t u r e  o f  t h e  CL. R o t h c h I I d  (1 9 8 1 )  has p o s t u ­
la te d  t h a t  i n t r a l u t e a l  p ros ta g lan d in  synthes is  Is  th e  l u t e o l y t l c  signal  
In t h e  c o r p o r a  I u t e a  o f  a l l  s p e c i e s .  A c c o r d in g  t o  h i s  t h e o r y ,  t h e  
a b i l i t y  o f  t h e  CL t o  make p r o s t a g l a n d i n  I s  I n v e r s e l y  r e l a t e d  t o  I t s  
a b i l i t y  t o  make progesterone.  Ro thch I Id  b e l ie v e s  t h a t  P4  I s  the  pr imary  
s t i m u l u s  o f  I t s  own s e c r e t i o n ,  and t h a t  P^ s u p p re s s e s  l u t e a l  p r o s t a ­
g la n d in  production  a t  th e  same t im e  t h a t  I t  Increases the  CL's p o t e n t i a l  
a b i l i t y  t o  s y n thes ize  pros ta g land ins .  When P4  reaches a c r i t i c a l  l e v e l ,  
p r o s t a g l a n d i n  s y n t h e s i s  I s  s w i t c h e d  on and I s  a l s o  s e l f - s t l m u  I a t l n g ,  
r e s u l t i n g  In f u r t h e r  Increases In I n t r a l u t e a l  P G F ^  co n ce n t ra t io n s  and 
r e g r e s s i o n  o f  t h e  c o rp u s  Iu te u m .  T h e r e f o r e ,  t h e  CL I s  r e g u l a t e d  by 
p o s i t i v e  f e e d b a c k  m echan ism s,  and t h e  natura l  I n s t a b i l i t y  o f  p o s i t i v e  
feedbacks leads t o  th e  demise of  the  t is s u e .
" . . . t h e  cause o f  I t s  ephem era l  I t y ,  wh ich  I s  t o  s ay ,  t h e  b a s i c  and 
common e lements  o f  r e g u l a t i o n  t h a t  de termine  the  CL's a b i l i t y  t o  s ec re te
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progesterone,  and t h a t  br ings  t h i s  s e c r e t io n  and w i t h  I t  th e  l i f e  o f  the  
CL as a w h o le  t o  an end,  m ust  l i e  w I t h i n  t h e  CL I t s e l  f ,  In  a l l  s p e c i e s "  
( R o th c h I  I d, 1981).
MATERIALS AND METHODS
Tissue Col le c tio n  and C.u.lt_ur.e
Corpora Iu tea  were removed per vaglnum from r e g u l a r l y  c y c l in g ,  dry  
d a i r y  cows o f  v a r i o u s  b re e d s  on days 8 - 1 2  o f  t h e  e s t r o u s  c y c l e  and 
placed I n to  Ham's F-12 c u l t u r e  medium ( M ic r o b io lo g ic a l  Associates) con­
t a i n i n g  24mM N -2 -h y d ro x y e th y lp lp e r a z In e -N ' - 2 - e t h a n e s u l  fo n lc  a c id  (Hepes, 
Ca I b I ochem -B e hr  I ng C o rp . )  (pH 7 .4 )  a t  4 °C. The t i s s u e  was w e ig h e d ,  
s l i c e d ,  minced, and t r a n s f e r r e d  t o  a s p inner  f l a s k  c o n ta in in g  Ham’s F -  
12-Hepes medium w i t h  0.5# bovine serum albumin (BSA, f r a c t i o n  V, Sigma).  
The minced  t i s s u e  was m a g n e t i c a l l y  s t i r r e d  f o r  15 mln a t  35°C. The  
medium was th e n  d e c a n te d  and r e p l a c e d  w i t h  f r e s h  medium c o n t a i n i n g  
c o l l a g e n a s e  (2000  U /g  t i s s u e ,  Type I ,  W o r t h i n g t o n ) .  The t i s s u e  was 
a s p i r a te d  I n to  a 10 ml p i p e t t e  every  10 mln to  f a c i l i t a t e  d is s o c ia t io n .  
A f t e r  45 mln t h e  d i s s o c i a t i o n  medium was d e ca n te d  and c e n t r i f u g e d  
(1 OOxg, 10 m ln ) .  F re sh  medium w i t h  c o l l a g e n a s e  was added t o  t h e  r e -  
m a ln l n g  t i s s u e  f o r  an a d d i t i o n a l  45  mln o f  d i s s o c i a t i o n .  Cel Is  f rom  
both  d i s s o c i a t i o n s  w ere  p e l l e t e d ,  t h e  s u p e r n a t a n t  d i s c a r d e d ,  and t h e  
c e l l  p e l l e t s  were washed 4 t im e s  w i th  f resh  medium. C e l l s  were pooled,  
counted In a hemocytometer and v i a b i l i t y  was determined by the  trypan  
blue exc lus ion  method (Tennant, 1964).
A p p r o x i m a t e l y  1 x 1 0 ®  ce l  I s w ere  seeded I n t o  25 cm^ p o l y s t y r e n e  
t i s s u e  c u l t u r e  f l a s k s  (Corning) In a f i n a l  volume o f  4 ml o f  Ham's F—12— 
Hepes c u l t u r e  medium c o n ta in in g  100 U/ml p e n i c i l l i n ,  100 ug/ml s t r e p t o ­
mycin,  2.5 ug/ml fungizone (Grand Is land B io lo g ic a l  Company) and supple­
mented w I t h  e l t h e r  10# d I  a I y z e d  ca I f  serum (GIBC0)  o r  w I t h  I n s u l i n  (2
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u g / m l ,  S ig m a ) ,  h y d r o c o r t i s o n e  (40 n g / m l ,  C o l l a b o r a t i v e  R e s e a rc h )  and 
t r a n s f e r r i n  (5 u g / m l ,  C o l l a b o r a t l v e  R e s e a r c h ) .  In t h e  p r o s t a g l a n d i n  
e xper im ents ,  medium was supplemented w i th  I n s u l i n  (5 ug /m l ) ,  t r a n s f e r r i n  
(5 ug/ml)  and selenium (5 ng /ml)  ( C o l l a b o r a t i v e  Research).  For c u l t u r e s  
t h a t  were not t o  r e c e iv e  serum, the  c u l t u r e  f l a s k s  were p r e t r e a t e d  w i th  
Ham’ s F-1 2 cul  t u r e  medl urn c o n t a f  nl  ng 10$ serum f o r  1 hour  a t  3.7*0 t o  
coat  the  bottom o f  the  f l a s k  w i th  the  a t ta c h m en t  p ro te in s  conta ined In 
th e  serum. This  serum -conta ln lng  medium was then removed and th e  f l a s k  
was r in se d  1 t im e  w i th  a double volume o f  Ham’s F -1 2.
C u l tu res  were Incubated a t  37 °C. C u l tu r e  medium was removed a f t e r  
24 hr ,  rep laced  w i th  f re s h  medium, and subsequent ly  changed every 48 hr ,  
f o r  11 days. Unless o t h e r w is e  In d ic a te d ,  a l l  t r e a tm e n t s  were added a t  
the  beginning of the  c u l t u r e  and rep laced  w i t h  each medium change. A l l  
c u l t u r e  medium was s tored  a t  -20®C u n t i l  assayed f o r  P4 . The number of  
a n i m a l s  used In each e x p e r i m e n t  i s  shown In  t h e  t a b l e s  and In  t h e  
legends t o  the  f ig u r e s .  A l l  t r e a tm e n t s  were performed In d u p l i c a t e  fo r  
each an imal .
C e l l s  w e re  q u a n t i t a t e d  t h r o u g h o u t  t h e  c u l t u r e  p e r i o d  u s in g  an 
o c u l a r  m i c r o m e t e r  s q u a r e  t o  c o u n t  numbers  o f  c e l l s  g r o w in g  In  t h e  
c u l t u r e  f l a s k .  Each f l a s k  was c o u n te d  In  5 l o c a t i o n s ,  a minimum o f  3 
t im e s  dur ing the  c u l t u r e  per iod.  S te ro id o g en ic  a c t i v i t y  was then nor­
m alized  per 5 x 105 v i a b l e  c e l l s  growing In monolayer c u l t u r e .
L ip o p ro te in  I s o la t i o n  and Q u a n t i t a t i v e  Assays
L ip o p ro te in s  were prepared from normal bovine serum obta ined from 
blood c o l le c t e d  from dry d a i ry  h e i f e r s .  Low-dens i ty  l i p o p r o t e in  (LDL) 
( d e n s i t y  1 .0 0 6 - 1 . 0 6 3  g / m l )  and h l g h - d e n s i t y  l i p o p r o t e i n  (HDL) (1 .063-  
1.210 g /m l )  were prepared by d i f f e r e n t i a l  u l t r a c e n t r i f u g a t i o n  using KBr
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fo r  densi ty  adjustments (Havel e t  a l . ,  1955). The l ip o p r o t e in  f r a c t i o n s  
were d la ly ze d  a g a in s t  0.15 M NaCI c o n ta in ing  0.34 mM EDTA a t  pH 7.4,  and 
s t e r i l i z e d  by passage through a 0.22 urn M i l l l p o r e  f i l t e r .  L ipopro te ins  
were stored a t  4*C and used w i t h i n  4 weeks of  p repara t ion .
C h o l e s t e r o l  In t h e  l i p o p r o t e i n  f r a c t i o n s  was d e t e r m in e d  by t h e  
method o f  Wybenga e t  a l .  ( 1 9 7 0 ) .  P r o g e s t e r o n e  In t h e  s p e n t  c u l t u r e  
medium was q u a n t i ta te d  by radioimmunoassay of unextracted samples w i th  
a n t  I - p r o g e s t e r o n e - 1  1 -BSA serum  ( G D N - 3 3 7 )  d o n a t e d  by D r .  G ord o n  
NIswender.  This  a n t i  serum does not c r o s s - r e a c t  s i g n i f i c a n t l y  w i th  any 
abundant s te r o id  In our samples (Glborl  e t  a I . ,  1977). D  ,2-^H3 Proges­
terone was obta ined from New England Nuclear.  The In t raassay  c o e f f i ­
c i e n t  o f  v a r i a t i o n  was 10 .7? ,  t h e  I n t e r a s s a y  c o e f f i c i e n t  o f  v a r i a t i o n  
was 16.8?.  The I I m l t  o f  s e n s i t i v i t y  was 0.1 n g / m l .  Al I s t a n d a r d s  and 
samples  were  assayed In  d u p l i c a t e .  D e t a i l s  o f  t h e  p r o g e s t e r o n e  RIA  
procedure a re  given In the  appendix.  Prostag landins  were determined by 
ra d io im m u n o a s sa y  ( L e w is  e t  a l . ,  1978)  In  t h e  l a b o r a t o r y  o f  Dr.  K e i t h  
Inskeep a t  West V i r g i n i a  U n iv e r s i ty .
Acetate  JncQ r^or .alLao S.t.udy
Freshly  d issoc ia ted  lu te a l  c e l l s  were c u l tu red  In serum - f ree  medium 
as descr ibed,  w i th  6  contro l  f l a s k s  and 6  c u l tu r e s  t r e a t e d  w i th  LH (10 
n g / m l ) .  On day 1 (24 h r  a f t e r  p l a t i n g ) ,  t h e  medium was r e p la c e d  w i t h  
fresh medium c onta in ing  ^ C - a c e t a t e  (0.25 uC I /m l ,  New England Nuc lear) .  
Two contro l  and 2 L H - t re a te d  c u l tu r e s  a ls o  rece ived LDL (50 ug l lp o p r o -  
t e l n - c h o l e s t e r o l / m l ) ,  and ano ther  2 c o n t r o l  and 2 L H - t r e a t e d  c u l t u r e s  
rece ived HDL (50 ug c h o l e s t e r o l / m l ). C e l ls  were incubated fo r  24 hours 
a t  37*C .  T h i s  p ro c e d u re  was r e p e a t e d  on day 5 and day 11 w i t h  an 
a d d i t io n a l  1 2  f l a s k s  on each day.
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A t  t h e  end o f  t h e  2 4 - h r  e x p o s u re  t o  ^ C - a c e t a t e ,  1 ml o f  medium 
from each f l a s k  was removed and f rozen  f o r  assay o f  P4 . The rem ain ing  
medium was e x t r a c te d  2x w i t h  5 ml anhydrous e th e r .  The c e l l  monolayers  
were r in s e d  w i th  phosphate b u f fe re d  s a l i n e ,  dra ined ,  and e x t r a c t e d  w i th  
5 ml h e x a n e : I s o p r o p a n o  I ( 3 : 2  v : v )  f o r  a t  l e a s t  5 m l n .  The  
hexane:Isopropanol and e t h e r  e x t r a c t s  were combined, d r ie d  under a i r  a t  
37°C, and s t o r e d  a t  -2 0 °C .
For t h i n  la y e r  chromatography, samples were r e c o n s t i t u t e d  In ben­
zene  : e t h a n o I  ( 9 : 1 )  and appI  led  t o  SI I I c a  GeI  GF2 5 4  TLC p I a t e s  ( F I s h e r  
S c i e n t i f i c ) .  One- d i m e n s i o n a l  c h r o m a t o g r a p h y  was p e r f o r m e d  In  ben -  
z e n e : m e t h y I e n e  ch I o r  I de ( 1 : 1 )  f o l l o w e d  by h e x a n e : e t h y l  a c e t a t e  ( 5 : 2 ) .  
P4  and c h o le s te ro l  spots were e lu te d  w i t h  methanol (3 mis,  2x) .
Samples  w e re  c o u n te d  In  a Beckman LS7000 l i q u i d  s c i n t i l l a t i o n  
counter  and r a d i o a c t i v i t y  was expressed as d i s i n t e g r a t i o n s  per minute  or  
s p e d f I c  a c t l v I t y .
.Xr-e.a.tros.n.t P re p a ra t io n  
A l l  t r e a t m e n t  d i l u t i o n s  were prepared In phosphate -buf fered  s a l i n e  
I m m e d i a t e l y  p r i o r  t o  use,  e x c e p t  f o r  f o r s k o l l n ,  wh ich  was made up In 
e t h a n o l ,  and k e p t  on I c e  u n t l  I added t o  t h e  c u l t u r e s .  Al I t r e a t m e n t s  
w ere  added In a l i q u o t s  o f  100 ul o r  l e s s .  The t r e a t m e n t s  used, t h e i r  
s u p p l i e r ,  and c o n ce n t ra t io n s  employed were:
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TREATMENT CONCENTRATIONS
1 . Bovine LH 1 0 , 1 0 0 , and 1 0 0 0  ng/ml
(NIAMMD-bLH-4)
2 . D Ib u ty ry l  cAMP 1 .0 2  mM
(Sigma)
3 . Bovine P r o l a c t i n 1 0 , 2 0 , 5 0 ,1 0 0  and 1000 ng/ml
(NIAMMD-bPRL-6 )
4 . IndomethacIn 1 0  ug/ml
(Merck,  Sharp & Dohme)
5 . pgf2* 1 0 , 1 0 0  and 1 0 0 0  ng/ml
( SIgma)
6 . PGEl 1 0  and 1 0 0 0  ng/ml
( SIgma)
7 . Cholera Toxin 1 nM
(Calblochem)
8 . F o r s k o l1n 10 nM
(Calblochem)
9 . hCG 1 0  ng/ml
(Calblochem)
S t a t i s t i c a l  A n a lys is  
D i f f e r e n c e s  In progesterone l e v e ls  between t r e a tm e n t s  were analyzed  
by the pa ired  t - t e s t  o r  by a n a ly s is  o f  v a r ia n c e  and Newman-Keuls m u l t i ­
p l e  ra n g e  t e s t  ( Z a r ,  1 9 7 4 ) .
RESULTS
■S.er-um Serum-Free Med 1 um 
The e f f e c t  o f  LH on p r o g e s t e r o n e  p r o d u c t i o n  by l u t e a l  c e l  Is  c u l ­
t u r e d  In  medium c o n t a i n i n g  10$ d l a l y z e d  c a l f  serum Is  su m m ar ize d  In 
T a b l e  1. LH (10  and 100 n g / m l )  d id  n o t  I n c r e a s e  P4  p r o d u c t i o n  above  
co ntro l  va lues  except  on day 7 w i th  th e  h igher  level  o f  LH.
In c o n t r a s t ,  cel Is c u l tu r e d  In s e ru m - f re e  medium were responsive to  
LH. As shown In  F i g .  2 ,  a l  I l e v e l s  o f  LH (1 0 ,  100 and 1000 n g / m l )  were  
a b l e  t o  s i g n i f i c a n t l y  I n c r e a s e  p r o g e s t e r o n e  p r o d u c t i o n  on day 1 
(P < 0 .0 0 1 )  and day 3 ( P < 0 .0 1 )  o f  c u l t u r e .  A l th o u g h  t h e  a b s o l u t e  l e v e l s  
of P4  dec l ined  throughout th e  c u l t u r e  p e r io d ,  t h i s  did not r e f l e c t  the  
a b i l i t y  o f  the  c e l l s  t o  respond t o  gonadotropin.  In F ig .  3,  P4  produc­
t i o n  Is  expressed as a percentage  above con tro l  va lues  t o  I n d ic a t e  the  
r e s  pons I v eness  o f  t h e  c e l  Is  t o  LH (10 ng/m I ) t h r o u g h o u t  t h e  11 days of  
c u l t u r e .  In t h e  p re s e n c e  o f  serum (dashed l i n e ) ,  LH was u n a b le  t o  
Increase progesterone production  above c o n tro l  l e v e ls  a t  any t im e  during  
t h e  c u l t u r e  p e r i o d ,  e x c e p t  f o r  t h e  si  I g h t  r i s e  on day 7 .  However ,  LH 
was ab le  t o  cause a s i g n i f i c a n t  (P<0.01) Increase  In s te ro ido genes is  In 
t h e  s e r u m - f r e e  c u l t u r e s ,  and t h e s e  ce l  Is  e x h i b i t e d  a v e r y  c o n s i s t e n t  
p a t te r n  o f  responsiveness t o  LH. The c u l t u r e s  were h ig h ly  responsive to  
LH on day 1, t h e  re s p o n s e  t h e n  decl  Ined  somewhat  on days 3 and 5 ,  b u t  
re tu rned  by days 7-11 (P<0.01).
Since the  s e ru m - f re e  medium was supplemented w i t h  I n s u l i n ,  t r a n s ­
f e r r i n  and hydrocort isone ,  I t  Is  p o ss ib le  t h a t  the LH response was due 
t o  t h e i r  presence r a t h e r  than t o  the  absence of serum. To examine t h i s
L i
1+2
p o s s i b i l i t y ,  lu te a l  c e l l s  were c u l tu r e d  In medium c o n ta in in g  1 0 / 6  d l a -  
I yzed  ca I f  serum b u t  a I so supp I em ented  w i t h  I n s u l i n ,  t r a n s f e r r l n a n d  
hydrocort isone  (Table 2).  The a d d i t io n  of  these th r e e  components t o  the  
serum -conta in ing  medium did not p e r m i t  the  cel Is t o  respond t o  LH t o  any 
g r e a t e r  e x t e n t  than in s erum -conta ln lng  medium alone.
Fig.  4 I l l u s t r a t e s  th e  e f f e c t  of  dbcAMP on progesterone production  
I n c u I t u r e d  bovi  ne I u t e a I  c e l  I s. In both  t h e  p re s e n c e  and absence  o f  
serum, dbcAMP ( s o l id  l i n e )  was ab le  t o  s t i m u l a t e  progesterone synthesis .  
However, on ly  In s e ru m - f re e  medium was LH, when added In combination  
w ith  dbcAMP (dashed l i n e ) ,  a b le  t o  cause a f u r t h e r  Increase  In P4  above 
t h a t  -produced by the  dbcAMP alone.
The morphology of bovine lu te a l  c e l l s  In c u l t u r e  Is  shown In Figs.  
5 and 6 . In s erum -conta ln Ing  medium (F ig .  5 ) ,  the  densely packed c e l l s  
each possess  a n u c le u s  w i t h  p r o m i n e n t  n u c l e o l i ,  numerous c ytop lasm ic  
l i p i d  d ro p le t s ,  and cy to p las m ic  extens ions .  In s e ru m - f re e  medium (Fig .  
6 ) ,  n u c l e o l I  a r e  a I so n o t i  c e a b I e ,  c y t o p I  asm I c p r o c e s s e s  and p o l n t s  o f  
a t t a c h m e n t  a r e  q u i t e  o b v i o u s ,  b u t  t h e  l i p i d  d r o p l e t s  a r e  much l e s s  
numerous.
E f f e c t s  q±  P r o l a c t i n .  ££Ej_ .and Cel I Dens ity
To examine the p o s s i b i l i t y  o f  long term e f f e c t s  o f  p r o l a c t i n  on the  
bovine CL, c e l l s  were c u l tu r e d  f o r  11 days In se ru m - f re e  medium in the  
p r e s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  b o v in e  p r o l a c t i n  ( 0 ,  10 ,  50 and 
1000 ng /m l ) .  For comparison t o  LH, d u p l i c a t e  c u l t u r e s  rece ived  10 ng/ml  
LH o r  p r o l a c t i n  (50 n g / m l )  + LH. The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  
d e p i c t e d  In F ig .  7 ,  and P^ Is  e x p r e s s e d  as a % above c o n t r o l  v a l u e s .  
While  t h e r e  appears t o  be a s l i g h t  s t i m u l a t i o n  o f  P^ production Induced 
by p r o l a c t i n ,  t h i s  Increase Is  not s i g n i f i c a n t  (P>0.05) a t  any lev e ls  of
^3
p r o l a c t i n  t e s t e d .  The c o m b i n a t i o n  o f  p r o l a c t i n  p l u s  LH was a b l e  t o  
I n c r e a s e  P4  (P < 0 .0 01 )  above  c o n t r o l s ,  b u t  t h i s  s t i m u l a t i o n  was n o t  
d i f f e r e n t  from t h a t  produced by LH alone.
P r o s t a g l a n d i n s  o f  t h e  E s e r i e s  g e n e r a l l y  s t i m u l a t e  a d e n y l a t e  
cyc lase  In ovar ian  p re p a ra t io n s ,  so th e  In f lu e n c e  o f  PGE  ^ on P4  produc­
t i o n  In c u l t u r e d  l u t e a l  ce l  Is  was I n v e s t i g a t e d .  The a d d i t i o n  o f  PGEj 
( 1 0  and 1 0 0 0  ng/ml)  t o  s e ru m - f re e  c u l t u r e s  re s u l t e d  In an e le v a t i o n  of  
P4  above c o n t r o l s  (P < 0 .0 1 ,  F ig .  8 ) .  The p a t t e r n  o f  r e s p o n s i v e n e s s  t o  
PGEj was s i m i l a r  t o  t h a t  seen w i t h  LH ( F i g .  3 ) ,  I . e . ,  t h e  c e l l s  w ere  
v e r y  r e s p o n s i v e  on day 1 o f  c u l t u r e ,  l e s s  r e s p o n s i v e  In t h e  m i d d l e  o f  
the  c u l t u r e ,  and showed Increased responsiveness on days 7 -11 .
To determine the  op t im a l  c e l l  d e n s i ty  fo r  c e l l u l a r  response to  LH, 
lu te a l  c e l l s  were p la te d  a t  d e n s i t i e s  ranging from 2.5 x 10^ t o  2 x 10® 
cel  I s / f l a s k ,  In  4 ml o f  s e r u m - f r e e  medium. P l a t i n g  e f f i c i e n c y  was 
s l i g h t l y  less than 50$ In these e xper im ents ,  and progesterone production  
was c a lc u la t e d  as ng /62 ,500 ,  125 ,000,  250 ,000  or  500,000 c e l l s .  In Fig.  
9, P4  production Is  again  expressed as a percent above contro l  l e v e ls  t o  
I n d ic a t e  the  responsiveness o f  the  c e l l s  t o  LH during the  11-day c u l t u r e  
period.  The c e l l s  p la te d  a t  the  lower d e n s i t i e s  tended t o  be the  most 
r e s p o n s i v e  d u r i n g  t h e  f i r s t  24 h r  o f  c u l t u r e  (125 and 130$ above con­
t r o l s ) ,  but the  responsiveness Is  then low throughout the  remainder  o f  
the  c u l t u r e  period.  The c u l t u r e s  c o n ta in in g  a p prox im a te ly  250,000 c e l l s  
(p i  a t e d  a t  1 x 10® ce I I s / f  I as k )  respond ed  t o  LH on day 1 ( 1 1 7 $ ) ;  t h  I s 
response  th e n  d e c l i n e d  b u t  r e t u r n e d  on days 9 and 11 t o  73$ and 61$  
r e s p e c t i v e l y .  T h i s  d e g r e e  o f  r e s p o n s i v e n e s s  a t  t h e  end o f  t h e  t i m e  
p e r io d  e xa m ined  was g r e a t e r  th a n  t h a t  found w i t h  t h e  h i g h e r  d e n s i t y  
c u l t u r e s  (p la te d  a t  2 x 10® c e l l s / f l a s k ) .  For t h i s  reason, In a l l  subse­
kk
quent exper iments  1 x 10^ c e l l s  were p la t e d  per c u l t u r e  f l a s k .  Because 
only  two an imals  were used f o r  t h i s  study and the  v a r ia n c e  between the  
two was high,  t h e r e  was no s t a t i s t i c a l  s ig n i f i c a n c e  between t re a tm en ts .
L ip o p r o te in  Experiment ?
Although removing th e  serum from the  c u l t u r e  medium r e s u l te d  in a 
more responsive  system, th e  progesterone o u tp u t  by the  lu te a l  c e l l s  was 
somewhat decreased. T h is  could be due t o  th e  absence of th e  c h o le s te ro l  
conta ined In the  serum, which might  serve as s u b s t r a t e  f o r  P4  synthe­
s is .  To I n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  f r e s h l y  is o la te d  bovine l ip o p ro ­
t e i n s  (LDL and HDL) w e re  added t o  t h e  cu I  t u r e d  I u t e a I  c e I  I s ( F i g .  1 0 ) .  
When the  c e l l s  were exposed t o  the  l i p o p r o t e in s  during  th e  f i r s t  24 hr  
of  c u l t u r e  (day 1), LDL did not increase  progesterone sy n th es is ,  w h i l e  
HDL produced a 1 .5 - f o l d  Increase over  c on tro l  l ev e ls .  The a d d i t i o n  of  
LH increased progesterone production In both l i p o p r o t e i n - f r e e  and l i p o ­
p r o t e i n - t r e a t e d  c u l t u r e s ,  i n d i c a t i n g  t h a t  n e i t h e r  LDL nor HDL i n h i b i t e d  
the  LH response,  as had th e  serum. Th is  same p a t te rn  Is  apparent  on day 
3,  a f t e r  exposure t o  the  l i p o p r o t e in s  f o r  an a d d i t io n a l  48  hr.
In o rde r  t o  d e p le te  endogenous c h o l e s t e r o l  s t o r e s ,  t h e  r e m a i n i n g  
c u l t u r e s  w e r e  al  lowed t o  grow in s e r u m - f r e e  medium f o r  3 days b e f o r e  
l i p o p r o t e in  a d d i t io n .  A t  t h i s  t im e ,  e i t h e r  LDL or  HDL was added t o  the  
c u l t u r e s  and Incubated f o r  48 hr (day 5) .  In t h i s  case both LDL and HDL 
g r e a t l y  Increased progesterone l e v e ls  w i t h o u t  a f f e c t i n g  th e  LH response.  
Continual  exposure t o  th e  l i p o p r o t e in s  through days 7 and 9 o f  c u l t u r e  
produced s i m i l a r  Increases above n o n - l I p o p r o t e i n - t r e a t e d  c o n t r o ls .
L ip o p ro te in s  may increase production  by p ro v id in g  c h o le s te r o l  as 
a s u b s t r a t e  f o r  s te ro id o g en e s is .  T h e re fo re ,  I t  is  l i k e l y  t h a t  .de novo 
c h o le s te r o l  synthes is  and subsequent convers ion of  t h i s  c h o le s te ro l  t o
P4  would be lowered In the  presence o f  l ip o p r o t e in s .  Th is  was examined  
in t h e  c u l t u r e d  l u t e a l  c e l l s  u s in g  ^4 C - label led a c e t a t e  In c o rp o ra t io n  
I n t o  s t e r o l  s and s t e r o i  d s a s a n  I n d l  c a t o r  o f  j i e  novo s y n t h e s  I s. Fi  gs.  
1 1 - 1 5  i l l  u s t r a t e  t h e  r e s u  I t s  o f  th  I s s t u d y .  Due t o  t h e  I ow number o f  
a n im a ls  and v a r i a b i l i t y  o f  r a d l o a c t l v e l y  l a b e l l e d  product,  these  r e s u l t s  
w e re  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  b u t  some g e n e r a l  t r e n d s  a r e  ap ­
parent.  On days 2 and 6  o f  c u l t u r e  (F igs.  11 and 12, r e s p e c t i v e l y ) ,  the  
p re s e n c e  o f  LDL in t h e  c u l t u r e  medium r e s u l t e d  in  a d e c r e a s e  in t h e  
In c o rp o ra t io n  of  ^ C - a c e t a t e  i n to  c h o l e s t e r o l .  Th is  t re n d  was a ls o  t r u e  
f o r  HDL in  tw o  o f  t h e  t h r e e  a n i m a l s .  On day 11 o f  c u l t u r e  ( F i g .  13)  
both  LDL and HDL w ere  ab le  t o  r e d u c e  novo c h o l e s t e r  ol  s y n t h e s i  s I n
c e l l s  from al I t h r e e  an im a ls ,  and HDL appeared t o  be more e f f e c t i v e  than 
LDL.
Both LDL and HDL a l s o  lo w e r  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p ro g e s ­
te rone  produced by the  c u l t u r e d  c e l l s  In the  presence o f  ^ C - a c e t a t e  on 
days 2 ,  6  and 11 ( F i g .  1 4 ) .  When LH is  comb I ned w I t h  t h e  I I  po pro t e l  ns 
t h e r e  is  s t i l l  a decrease In th e  In c o rp o ra t io n  o f  4^ C - a c e t a t e  I n t o  P4  on 
al  I t h r e e  days ,  and LH a l o n e  le s s e n s  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  P4  
f r a c t i o n  on days 2 and 11 ( F i g .  1 5 ) .
E f f e c t s  o f  Indomethacin and P rostag land in
To s tu d y  t h e  I u te o  l y t i c  a c t i o n  o f  PGF2 C^ I n t h e  bov I n e C L ,  I n i t i a l  
e x p e r i m e n t s  w e re  u n d e r t a k e n  t o  d e t e r m i n e  t h e  e f f e c t s  o f  PGF2 <*> and a 
p r o s t a g l a n d i n  s y n t h e s i s  I n h i b i t o r ,  I n d o m e t h a c i n ,  on P4  p r o d u c t i o n  by 
lu te a l  c e l l s  In c u l t u r e  f o r  11 days. Fig.  16 I l l u s t r a t e s  th e  synthes is  
o f  6 - k e t o - P G F ^  by c u l t u r e d  l u t e a l  c e l l s  on days 1 , 5 ,  and 11.  T h i s  
prostag lan d in  Is  a s t a b le  m e t a b o l i t e  o f  p ro s ta c y c l in  and Is used as an 
I n d i c a t o r  o f  p r o s t a c y c l i n  s y n t h e s i s .  On a l l  t h r e e  days LH caused a
1+6
s l i g h t  but n o n s i g n i f i c a n t  r i s e  in 6 - k e t o - P G F ^ .  The a d d i t i o n  o f  Indo­
methacin,  e i t h e r  a lone  o r  in combinat ion w i t h  LH, c o m p le te ly  i n h i b i t e d  
synthes is  o f  6 -ke to -P G F i^  on days 1 and 5. Although not s i g n i f i c a n t  on 
day 1 1 , a s i m i l a r  t re n d  was seen.
S y n t h e s i s  o f  PGF2 ,* and PGE2  by l u t e a l  c e l l s  f rom  one a n im a l  is  
shown in Table  3. LH appeared t o  increase  PGF2 ^  syn thes is  on days 1, 5 
and 11,  and PGE2  s y n t h e s i s  on days 1 and 11.  I t  s h o u ld  be n o te d ,  
however, t h a t  the  s tandard d e v ia t io n  between d u p l i c a t e  L H - t r e a te d  c u l ­
tu re s  is  very  high in th e  PGE2  assay on day 5. Indomethacin com ple te ly  
abol ished PGF2 ^  sy n th es is ,  and t h i s  e f f e c t  could not be overcome by the  
a d d i t io n  of  LH. Indomethacin lowered,  but d id  not seem t o  cause a t o t a l  
i n h i b i t i o n  o f  PGE2  s y n t h e s I  s. On days 5 and 11,  PGE2  v a I  ues r e p r e s e n t  
one sample and t h e r e f o r e  have no standard d e v ia t io n .
W h i l e  In d o m e t h a c i n  b l o c k s  l u t e a l  p r o s t a g l a n d i n  s y n t h e s i s ,  i t  i s  
a lso  capable  o f  promot ing lu te a l  progesterone fo rm a t io n  (Table  4 ) .  On 
days 1 and 3,  Indomethacin  has no e f f e c t  on P4  production ,  but continued  
t r e a t m e n t  r e s u l t s  in  a l a r g e  I n c r e a s e  in  P4  (days  5 - 1 1 ) .  T h i s  is  
e v id e n t  in the  presence o r  absence o f  LH.
Tab I e  5 I I s t s  P4  v a l u e s  o b t a f  ned by t r e a t i  ng t h e  c u l t u r e d  ce l  Is  
w i t h  PGF2 P4  was e l e v a t e d  in  medium c o l l e c t e d  on day 1 o f  c u l t u r e  
a f t e r  exposure t o  e i t h e r  10 o r  1000 ng/ml of  PGF2 <*. F u r th e r  exposure t o  
1 0  ng/ml P G F ^  no e f f ec+ on s te ro id o g e n e s is ,  but 1 0 0 0  ng/ml PGF2 #  
was again  s t i m u l a t o r y  a t  the  end of th e  c u l t u r e  per iod (days 9 and 11).
Me.cJian-i.sro M  Action  s i  
In o rd e r  t o  probe th e  PGF2 ^  mechanism of  a c t io n  in I s o la t e d  lu te a l  
c e l l s ,  c u l t u r e s  were t r e a t e d  w i th  PGF2 ^  a lone  and in combinat ion w i t h  
var io u s  s te ro id o g e n ic  s t im u la n t s .  Fig.  17 i l l u s t r a t e s  th e  e f f e c t s  of  LH
and PGF2 *  on days 1, 3 and 5 o f  c u l t u r e .  On day 1, LH and PGF2 o(i + LH 
Increased P4  above c o ntro l  lev e ls .  There was no d i f f e r e n c e  between LH- 
and PGF2 ^  + L H - t r e a te d  c u l t u r e s .  N e i t h e r  PGF2 <* nor LH had any e f f e c t  on 
P4  on day 3. However, on day 5 ,  LH a lo ne  Increased P4  production w h i le  
c u l t u r e s  t r e a t e d  w i t h  LH + P G F ^  (10 o r  1000 ng/ml)  were not d i f f e r e n t  
f ro m  c o n t r o l s .  S i m i l a r  r e s u l t s  w e re  o b t a i n e d  on days 7 -1 1  ( F i g .  1 8 ) ;  
although n e i t h e r  leve l  o f  PGF2 ^  had any e f f e c t  on basal P4  p roduction,  
both  p r o s t a g l a n d i n  doses c o m p l e t e l y  I n h i b i t e d  L H - s t lm u la te d  s te r o id o ­
genesis.  Since th e r e  was no d i f f e r e n c e  between r e s u l t s  ob ta ine d  w i th  10 
or 1 0 0 0  ng/ml PGF2 «^  In these  e xper im ents ,  on ly  the  lower dose of  PGF2 C< 
w i l l  be shown In the  re m ain ing  f i g u r e s .
Fig.  19 d e p ic ts  the  e f f e c t s  o f  d i f f e r e n t  t r e a t m e n t  ag o n is ts ,  alone  
and combined w i t h  PGF2 ct, on th e  f i r s t  day o f  c u l t u r e .  Again, PGF2 W had 
no e f f e c t  on basa l  o r  L H - s t l m u l a t e d  P4  p r o d u c t i o n .  C h o l e r a  t o x i n ,  a 
d i r e c t  s t i m u l a t o r  o f  th e  r e g u la t o r y  s u b u n i t  of  a d en y la te  c yc lase ,  and 
f o r s k o l l n ,  which  a l s o  d i r e c t l y  s t l  mu I a te s  adeny I a te  cycl  ase a c t l  v I t y ,  
caused an Increase In P4  on day 1 , and t h i s  Increase was not a l t e r e d  by 
th e  s imultaneous  a d d i t i o n  of  PGF2 5 *. N e i t h e r  Indomethacin nor Indometha­
c in  + FGF2 e<i had any e f f e c t  on s te ro id o g en e s is  on day 1 .
A f t e r  3 days o f  c u l t u r e ,  CT, FKN and INDO s t im u la t e d  P4  production  
above c o n t r o ls ,  and In a l l  cases t h i s  s t i m u l a t i o n  was blocked by concur­
r e n t  t r e a t m e n t  w i th  PGF2 >Jt(F Ig .  20) .  LH was not s t i m u l a t o r y  on day 3.
F u r t h e r  a n a l y s e s  on days 5 ,  7 and 9 o f  c u l t u r e  a r e  shown In F ig s .  
2 1 ,  22  and 2 3 ,  r e s p e c t i v e l y .  T h r o u g h o u t  t h i s  I n t e r v a l  o f  t h e  c u l t u r e ,  
P4  was In c r e a s e d  by each o f  t h e  t r e a t m e n t  a g o n i s t s  (LH, CT, FKN and 
INDO). In a l  I c a s e s ,  a l t h o u g h  PGF2 0( had no e f f e c t  on basa l  s t e r o i d o ­
genesis ,  I t  c om ple te ly  I n h i b i t e d  t h e  agon I s t - 1 n d u c e d  I n c r e a s e s  In P4 .
48
On day 11,  an I d e n t i c a l  t r e n d  can be seen ( F i g .  2 4 ) ,  b u t  In  t h i s  case  
only  FKN produced a s i g n i f i c a n t  s t i m u l a t i o n .
In a d d i t io n  t o  these exper iments ,  s i m i l a r  s tu d ies  were undertaken  
using dbcAMP and hCG as th e  t r e a t m e n t  agon is ts .  Results  a re  shown f o r  
days 1 ( F i g .  2 5 ) ,  5 ( F i g .  2 6 )  and 9 ( F i g .  2 7 )  o f  c u l t u r e .  On day 1,  
both dbcAMP and hCG te n d e d  t o  I n c r e a s e  P^ and t h i s  e f f e c t  was n o t  
p r e v e n t e d  by t h e  a d d i t i o n  o f  PGF2 <*. On days 5 and 9 ,  hCG s t i m u l a t e d  
s t e r o i d o g e n e s i s ,  and PGF2 e( b lo c k e d  t h i s  hCG e f f e c t .  A l th o u g h  dbcAMP 
produced only  a s l i g h t  Increase  In P^ on days 5 and 9 ,  I t  appeared t h a t  
PGF2 0 J I n h i b i t e d  any s t i m u l a t o r y  a c t io n  o f  dbcAMP.
Morphology a t  Hormone-Treated Luteal . C e l ls
Control  c u l t u r e s  o f  lu te a l  c e l l s  (no t r e a t m e n t  a d d i t i v e s )  grown In 
s e ru m - f re e  medium e x h i b i t  an e longated  appearance and tend t o  arrange  
t h e m s e l v e s  In  p a r a l l e l  f a s h i o n  ( F i g .  2 8 ) .  Some l i p i d  d r o p l e t s  a r e  
present  and a re  g e n e r a l l y  d ispersed throughout the  cytoplasm, o f t e n  In 
I I ne w i t h  s t r e s s  f i b e r s .  In c o n t r a s t ,  L H - s t l m u  I a t e d  c e l  I s  assume an 
e p l t h e l I  a I — I Ike  shape and l i p i d  d ro p le ts  a re  u s u a l ly  located around the  
nucleus (Fig .  29) .  There a re  very few c y top las m ic  processes, and l i t t l e ,  
I f  any, cel  I - c e l  I c o n ta c t  Is  seen.
Fig .  30 shows c e l l s  t h a t  have been t r e a t e d  w i th  PGF2 4 . In g e nera l ,  
these  c e l l s  appear s i m i l a r  t o  L H - s t lm u la te d  c e l l s ;  they a re  e p i t h e l i o i d  
In shape, conta in  p e r in u c le a r  l i p i d  d r o p le t s ,  and a re  u s u a l ly  separated  
from one another by a d i s t i n c t  cel I - f r e e  space. When PGF2 0 I. and LH are  
com bined  ( F i g .  3 1 ) ,  t h e  r e s u l t  I s  a c u l t u r e  t h a t  looks  l i k e  t h e  I n d i ­
v i d u a l l y  t r e a t e d  c u l t u r e s  C e l l s  a r e  e i t h e r  e p i t h e l i o i d  o r  round w i t h  
p e r in u c le a r  l i p i d .  Each c e l l  Is  separated from a l l  o the rs  by a d i s t i n c t  
s p ac e ,  w i t h  no c e l l - c e l I  c o n t a c t s  o r  o b v io u s  c y t o p l a s m i c  e x t e n s i o n s .
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TABLE 1
EFFECT OF LH ON PROGESTERONE PRODUCTION BY LUTEAL CELLS 
CULTURED IN SERUM-CONTAINING MEDIUM
P r o g e s t e r o n e  ( u g / 5 0 0 . 0 0 0  c e l  I s ) a
D ays  In
C u l t u r e C o n t r o I LH ( 1 0  n g / m I ) LH ( 1 0 0 n g / m I )
1 21 . 7 7 + 2 . 0 5 2 2 . 8 7  ±  3 . 4 7
1 9 . 2 3 + 2 . 4 1 2 2 . 9 7  ± 2 . 1  1
3 1 1 . 8 6 + 3 . 2 6 1 5 . 2 1  ±  4 . 9 0
5 . 6 9 + 0 . 7 6 6 . 6 9  ± 1 . 2 9
5 4 . 0 6 + 1 . 1 2 4 . 6 3  ±  1 . 6 9
2 . 2 5 + 0 . 5 0 2 . 8 2  ± 0 . 6 5
7 2 . 6 0 + 1 . 4 2 3 . 5 7  ±  1 . 8 9
0 . 9 6 + 0 . 5 4 1 . 3 6  + 0 . 6 5 b
9 2 . 9 5 + 1 . 6 4 2 . 1 1  ±  1 . 2 3
0 . 7 5 + 0 . 5 3 1 . 0 3  ± 0 . 9 4
1 1 1 . 6 4 + 0 . 8 7 2 . 0 3  ±  1 . 2 4
0 . 4 9 + 0 . 2 7 0 . 6 0  ± 0 . 3 9
a MEAN ± SEM; rv= 5
b P < 0 . 0 5
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TABLE 2
EFFECT OF LH ON P 4  PRODUCTION' BY 
LUTEAL CELLS IN MEDIUM CONTAINING SERUM,  
INSUL IN ,T R A N S F E R R IN  AND H Y D R O C O R T IS O N E
D a ys  In  
C u l t u r e
P r o g e s t e r o n e ( u g / 5 0 0 , 0 0 0 c e 1 1 s ) a
C o n t r o 1 LH ( 1 0 n g / m l  )
1 1 0 . 2 7 + 2 . 9 8 1 5 . 2 6 ± 4 . 2 7
3 9 . 2 5 + 1 . 1 1 1 2 . 2 2 ±  0 . 1 9
5 4 . 1 6 + 0 . 5 6 5 . 0 2
.nor-•o+1
7 3 . 1 5 + 0 . 8 0 3 . 6 0 ±  1 . 4 5
9 2 . 3 2 + 0 . 8 2 2 . 2 2 ±  0 . 8 1
1 1 1 . 5 5 + 0  . 8 6 1 . 5 6 ±  0 . 8 1
a MEAN ±  SEM; n=2  
b P < 0 . 0 5
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TABLE 3
PGF2 a  AND PGE2 S Y N T H E S IS  BY CULTURED BOVINE LUTEAL CELLS
T r e a t m e n t Day 1 Day 5 Day 1 1
PGF 2 a ( p g / 5 0 0 , 0 0 0 c e 1 1 s ) a
C o n t r o 1 8 031 + 8 64 3 3 7 5  ± 9 2 0 2 8 6 2  ± 7 4 4
LH ( 1 0  n g / m l ) 91 57 + 9 3 8 3 4 7 4  ± 1 2 9 2 4 3 9 9  ± 1 357
1 ndo ( 1 0  u g / m 1 ) 24 + 0 24  ± 0 2 4  ± 0
In d o  + LH 24 + 0 24  ± 0 24  ± 0
p g e 2 ( p g / 5 0 0 , 0 0 0 c e 1 1 s ) a
C o n t r o I 1 6 1 4 2 5 2 1 1 50  ± 7 7 4 2  ± 0
LH ( 1 0  n g / m l ) 4 1 3 6 + 3 4 9 8 6 7 4  ± 2 8 2 6 6 4  ± 13
In d o  ( 1 0  u g / m 1 ) 8 63 + 2 4 3 1 97 30
I n d o  + LH 6 7 7 + 3 8 9 2 6 2 1 18
a MEAN + SD; n=1 
I n d o  = I n d o m e t h a c i n
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TABLE 4
EFFECT OF INDOMETHACIN ON BASAL AND L H - S T IM U L A T E D  
PROGESTERONE SYN THESIS
T r e a t m e n t n P r o g e s t e r o n e  ( n g / 5 0 0 , 0 0 0 c e I  I s ) ai
Day 1 Day 3 Day 5
C o n t r o 1 6 2 9 3 8  + 2 1 2 1 5 2 9  ± 2 2 9 6 1 7  + 69
LH ( 1 0  n g / m l ) 421  1 ± 4 3 5 d 1 4 9 2  ± 3 3 3 6 1 5  ± 39
I n d o  ( 1 0  u g / m I ) 2 4 6 9  ± 31 1 1 5 9 9  ± 2 0 5 7 8 4  ± 8 2 d






Day 7 Day 9 Day 1 1
C o n t r o I 5 4 2 6  ± 97 2 6 7  ± 57 2 0 7  ± 45
LH ( 1 0  n g / m 1) 451 ± 79 3 5 9  ± 7 0 b 2 7 4  ± 7 1 b
I n d o  (1 0 u g / m  1 ) 6 4 1  ± 1 2 7  c 6 6 6  ± 1 6 4  c 5 2 5  ± 9 3 d
I n d o  + L H 8 4 3  ± 1 0 3 c 781  ± 2 0 1  c 5 6 5  ± 9 7 d
a MEAN ±  SEM
b » c » d d l f f e r e n t  f r o m  c o n t r o l ,  P < 0 . 0 5 , P < 0 . 0 1 , 
P < 0 . 0 0 1 , r e s p e c t i v e l y
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TABLE 5
INFLUENCE OF PGF2a  ON BASAL PROGESTERONE SYN THESIS
T r e a t m e n t P r o g e s t e r o n e  ( n g / 5 0 0 , 0 0 0  c e l  I s ) a
Day 1 Day 3 Day 5
C o n t r o I 2 4 3 9  ± 3 2 3 1 5 7 2  ± 177 9 1 7  ± 7 8
PGF 2  a ( 1 0  n g / m 1 ) 3 1 4 3  + 47  1 c 1 6 3 5  ± 2 4 5 8 5 2  ± 57
P G F 2  a <1 0 0 °  n g / m l ) 3 4 3 9  ± 661  b 1 5 3 3  ± 1 81 8 7 7  ± 9 33
Day 7 Day 9 Day 1 1
C o n t r o 1 5 2 9  ± 73 351 ± 49 2 7 9  ± 4 8
PGF 2 a ( 1 0  n g / m l ) 4 9 9  ± 55 3 6 6  ± 58 2 7 2  ± 50
PGF2a ( 1  0 0 0  n g /m l  ) 6 0 4  ± 1 2 2 4 7 2  ± 96 b 4 2 5  ± 1 1 3 b
a MEAN ±  SEM; n = 8
^ d i f f e r e n t  f r o m  c o n t r o l  P < 0 . 0 1
c d l f f e r e n t  f r o m  c o n t r o l  P < 0 . 0 0 1
Figure  1. Summary'diagram o f  Iu te o t ro p is m .
Membrane
AC = ad en y la te  cyc lase  
C = c a t a l y t i c  s ubun i t  
N = r e g u la t o r y  subuni t  
PE = phosphatldy le thanolamlne  
PME = phosphatldyl-N-monomethyI  ethanol amine 
PC = p h o s p h a t id y lc h o l in e  
P - l i p i d s  = phosphol ip ids  
R = re c e p to r  
Cytoplasm
PK = p r o te in  k inase
R = r e g u la t o r y  s ubun i t  
C = c a t a l y t i c  subuni t  
AA's = amino ac ids
ACAT = acyl  coenzyme A rc h o le s te ro l  a c y ( t r a n s f e r a s e  
CEH = c h o le s te ro l  e s t e r  hydrolase  
FFA = f r e e  f a t t y  ac id  
Mitochondr ia






Complex '  * Y V
P-450(reduced)-CH0LESTER0L(inoctive)AC
(Inactive) RlCl—»|R|
(  POLYPHOSPHOINOSITIDE P-450(oxidized)
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F i g u r e  2. E f f e c t  o f  LH on p r o g e s t e r o n e  p r o d u c t i o n  by l u t e a l  c e l  Is  
c u l t u r e d  In s e r u m - f r e e  medIum. L u t e a l  c e I  Is  w e re  c u I t u r e d  in  
Ham 's  F - 1 2  m e d iu m  s u p p l e m e n t e d  w i t h  i n s u l i n  (2  u g / m l ) ,  
h y d r o c o r t i s o n e  (40 n g / m l )  and t r a n s f e r r i n  (5 u g / m l )  In  t h e  
absence  o r  p r e s e n c e  o f  LH (1 0 ,  100 and 1000 n g / m l ) .  S pen t  
c u l t u r e  medium was removed on day 1 (24 h a f t e r  the  beginning of  
c u l t u r e ) .  The c u l t u r e s  then re ce ive d  fresh medium and LH f o r  an 
a d d i t i o n a l  48  h,  I . e .  day  3 .  Mean ±  SEM, n = 8 . V a l u e s  
s t a t i s t i c a l l y  d i f f e r e n t  f rom  t h e  c o n t r o l  g roup  a r e  i n d i c a t e d :  

























F I G U R E  2
LH (ng /m l)  0 10 100 1000 0 10 100 1000
DAY 1 DAY 3
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FI g u r e  3.  Res pons I v e n e s s  o f  I u t e a l  ce I I s t o  LH (10  ng/m I ) In s e r u m -  
f r e e  and s eru m -co n ta in in g  medium. LH was added a t  the  beginning  
o f  t h e  c u l t u r e  and r e p l a c e d  w i t h  each medium change.  C o n t r o l  
v a l u e s  f o r  p r o g e s t e r o n e  on days 1,  3 ,  5 ,  7 ,  9 and 11 w ere  1680 ,  
1 2 0 3 ,  5 9 6 ,  2 5 6 ,  215  and 175 n g / 5 0 0 , 0 0 0  c e l l s  ( s e r u m - f r e e )  and 
2 1 . 6 ,  1 0 .1 ,  3 . 6 ,  2 .9 ,  1.9 and 1.0 u g / 5 0 0 , 0 0 0  c e l l s  ( s e r u m -





















FI g u r e  4.  E f f e c t  o f  dbcAMP (1 .0 2  mM) a lo n e  and w i t h  LH (10 n g / m l )  on 
p r o g e s t e r o n e  p r o d u c t i o n  by l u t e a l  c e l l s  c u l t u r e d  In  s e ru m -  
c o n t a l n l n g  (a )  o r  s e r u m - f r e e  (b)  medium. C o n t r o l  v a l u e s  f o r  
p ro g e s + e r o n e  In  F i g .  4a on days 1, 3 ,  5 ,  7 ,  9 and 11 w e re  4 7 7 0 ,  
2 7 8 0 ,  2 0 6 5 ,  1 8 5 7 ,  1474 and 1381 n g / 5 0 0 , 0 0 0  c e l  I s ,  r e s p e c t i v e l y .  
C o m p a ra b le  v a l u e s  In  F i g .  4b w e r e  1 56 0 ,  1 286 ,  4 9 7 ,  2 3 9 ,  141 and 
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FIGURE 4b
SERUM-FREE MEDIUM
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F i g u r e  5.  P h a s e - c o n t r a s t  p h o t o m Ic r o g r a p h  o f  b o v i n e  l u t e a l  c e l l s  In 
serum-conta ln lng  medium. x195.
F i g u r e  6 . P h a s e - c o n t r a s t  p h o t o m ic r o g r a p h  o f  b o v in e  l u t e a l  c e l  I s  In  
serum -free  medium. x195.

6k
F i g u r e  7.  I n f l u e n c e  o f  p r o l a c t i n  (PRL) (1 0 ,  50  and 100 n g / m l )  on
production a lone  and w i th  LH (10 n g /m l ) .  C e l l s  were c u l t u r e d  In 
s e ru m - f re e  medium. Control  va lues  f o r  progesterone on days 1, 3 ,  
5 ,  7 ,  9 and 11 w e re  1 1 0 2 ,  7 7 8 ,  3 3 2 ,  2 6 6 ,  217 and 151 n g / 5 0 0 , 0 0 0  
c e l l s ,  r e s p e c t i v e l y ,  n = 2 .
FIGURE 7
RESPONSE TO PROLACTIN




















F i g u r e  8 . Respons I v e n e s s  o f  b o v I n e  I u t e a I  ce I I s  t o  PGEj d u r I n g  11 
days o f  c u l t u r e  In s e ru m - f re e  medium. Control  va lues  f o r  P, on 
days 1, 3 ,  5 ,  7 ,  9 and 11 w ere  2 0 1 2 ,  1 3 2 6 ,  8 6 5 ,  401 and 310  
ng/5 00 ,000  c e l l s ,  r e s p e c t i v e l y ,  n = 5 .
FIGURE 8
RESPONSE TO PGE-1




















FI g u r e  9 .  E f f e c t  o f  ce I  I dens I t y  on t h e  ab I  I I t y  o f  I u t e a I  ce I  I s  t o  
respond t o  LH. n = 2 .
FIGURE 9
CELL DENSITY

















F i g u r e  10.  E f f e c t  o f  LDL and HDL on l u t e a l  p r o g e s t e r o n e  p r o d u c t i o n .  
C e l ls  were c u l t u r e d  In s e ru m - f re e  medium e i t h e r  w i th  or  w i t h o u t  
the  a d d i t i o n  o f  LDL or HDL (50 ug c h o l e s t e r o l / m l ) as descr ibed In 
d e t a  I I  I n t h e  t e x t  ( r e s u  I t s ) .  Mean + SEM, n = 7 f o r  days 5 - 9 ,  n = 
2 f o r  day 1 and 3.  V a lu e s  d i f f e r e n t  f rom  c o n t r o l  a r e  I n d i c a t e d :  












■  WITHOUT LH 





















F i g u r e  11.  ^ C - a c e t a t e  I n c o r p o r a t i o n  I n t o  c h o l e s t e r o l  on day 2 o f  
c u l t u r e  -  e f f e c t  o f  LDL and HDL (50 ug c h o l e s t e r o l / m l ). C u l t u r e  
c o n d i t i o n s  and e x p e r i m e n t a l  p r o c e d u r e s  w e r e  as d e s c r i b e d  In  

















F i g u r e  1 2 .  ^ C - a c e t a t e  I n c o r p o r a t i o n  I n t o  c h o l e s t e r o l  on d a y  6 o f
cu  I t u r e  -  e f f e c t s  o f  LDL a n d  HDL ( 5 0  ug c h o l  e s t e r o l  / m  I ) .  M ean  ±
SD, n = 3 .
FIGURE 12

















F i g u r e  1 3 .  ^ C - a c e t a t e  I n c o r p o r a t i o n  I n t o  c h o l e s t e r o l  on d a y  11 o f
c u l t u r e  -  e f f e c t s  o f  LDL a n d  HDL ( 5 0  ug c h o l e s t e r o l / m l ) .  M ea n  ±
SD, n = 3 .
FIGURE 13


















F i g u r e  14.  I n h i b i t i o n  o f  P* s y n t h e s i s  f r o m  a c e t a t e  I n  t h e  p r e s e n c e  o f
LDL and HDL ( 5 0  ug c h o l e s t e r o l / m l ) .  Mean ±  SEM, n = 3 .
FIGURE 14
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F i g u r e  15.  E f f e c t  o f  LH (10  n g / m l )  and LH + LDL o r  HDL (50 ug 
c h o l e s + e r o l / m I ) on syn thes is  o f  from a c e ta te . Mean ±  SEM, n =
FIGURE 15

















Figure  16. Synthes is  o f  6 -k e + o -P G F ^ b y  c u l tu r e d  bovine lu te a l  c e l l s .
C e l l s  w ere  c u l t u r e d  f o r  1, 5 ,  o r  11 days e i t h e r  a l o n e ,  in  t h e  
p r e s e n c e  o f  LH (10  n g / m I ) ,  I n d o m e t h a c I n  ( INDO, 10 u g / m I ) o r  LH t  
INDO. B ars  w i t h i n  a group w i t h  d i f f e r e n t  s u p e r s c r i p t s  a r e























F i g u r e  17. S y n t h e s i s  o f  P4  In  r e s p o n s e  t o  LH (10 n g / m l ) ,  PGF2<*  (PGF, 
10 and 100 n g / m l )  and LH + PGF2 c* on days 1, 3 and 5 o f  c u l t u r e .  
Bars w i t h i n  a group w i th  d i f f e r e n t  s u p e r s c r ip ts  a re  s t a t i s t i c a l l y  
























F i g u r e  18. S y n t h e s i s  o f  P4  In  r e s p o n s e  t o  LH (10 n g / m l ) ,  PGF7ek (PGF, 
10 and 100 n g / m l )  and LH + PGF2o(> on days 7 ,  9 and 11 o f  c u l t u r e .  
Bars w i t h i n  a group w i th  d i f f e r e n t  s u p e r s c r ip ts  a re  s t a t i s t i c a l l y  




























Figure  19. Mechanism of  a c t io n  o f  PGF^* “ day 1 o f  c u l t u r e .  C e l l s  were  
t r e a t e d  w i t h  e i t h e r  LH (10  n g / m l ) ,  f o r s k o l l n  (FKN, 10 mM) o r  
Indomethacln (INDO, 10 ug /m l ) ,  a lone and In combinat ion w i th  PG F^  
(PGF, 1 0 ng/m I ) .  C = c o n t r o l  (so l  I d I I ne ) .  Bars  w I th  I n a group  
w ith  d i f f e r e n t  s u p e r s c r ip ts  a re  s t a t i s t i c a l l y  d i f f e r e n t  (P < 0 .0 5 ,  
LH and CT; P <0 .0 1 ,  FKN). Mean ±  SEM, n = 5 .
4500












F i g u r e  20.  Mechanism o f  a c t i o n  o f  PGF2 “ day 3 o f  c u l t u r e .  
T reatm en ts  were as descr ibed In Fig.  19. Bars w i t h i n  a group w i th  
dl f  f e r e n t  s u p e r s c r  I p t s  a r e  s t a t l  s t l c a l  I y dl f  f e r e n t  ( P < 0 .0 1, FKN 
and INDO; P<0 .001 ,  CT).  Mean ±  SEM, n = 5 .
FIGURE 20








F i g u r e  2 1 .  M e c h a n i s m  o f  a c t i o n  o f  PGF 2 «* “ day  5 o f  c u l t u r e .  
T reatm en ts  were as described In Fig.  19. Bars w i t h i n  a group w i th  
d i f f e r e n t  s u p e r s c r i p t s  a r e  s t a t i s t i c a l  ly  d i f f e r e n t  ( P < 0 .0 1, LH; 
P<0.001 ,  CT, FKN, INDO). Mean ±  SEM, n = 5 .
FIGURE 21




















F i g u r e  2 2 .  M e c h a n i s m  o f  a c t i o n  o f  PGF 2 <* ~ day  7 o f  c u l t u r e .  
Treatm ents  were  as descr ibed In Fig.  19. Bars w i t h i n  a group w i th  
d i f f e r e n t  s u p e r s c r ip ts  a re  s t a t i s t i c a l l y  d i f f e r e n t  (P<0.001). Mean 
±  SEM, n = 5 .
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F i g u r e  2 3 .  M e c h a n i s m  o f  a c t i o n  o f  PGF£<*  -  day  9 o f  c u l t u r e .  
T reatm en ts  were as descr ibed In Fig .  19. Bars w i t h i n  a group w i th  
d l f f e r e n t  s u p e r s c r I p t s  a r e  s t a t l s t l c a I  Iy  dl  f f e r e n t  (P < 0 .0 5 ,  LH. 






























F i g u r e  24 .  M echan ism  o f  a c t i o n  o f  PGF2 A -  day 11 o f  c u l t u r e .  
Treatments  were as described In Fig.  19. Bars w i t h i n  a group w i th  
d i f f e r e n t  s u p e r s c r ip ts  a re  s t a t i s t i c a l l y  d i f f e r e n t  (P<0.05).  Mean 















F i g u r e  2 5 .  I n t e r a c t i o n  o f  hCG and dbcAMP w i t h  -  day 1 o f
c u l t u r e .  C e l l s  were t r e a t e d  w i th  e i t h e r  hCG (10 ng /m l )  o r  dbcAMP 
(1mM), a lone  and In combinat ion w i t h  PGF2 o( (PGF, 10 ng /m l ) .  Bars 
w i t h i n  a g r o u p  w i t h  d i f f e r e n t  s u p e r s c r i p t s  a r e  s t a t i s t i c a l l y  
d i f f e r e n t  ( P < 0 .0 5 ) .  Mean ±  SEM, dbcAMP, n = 3 ;  hCG, n = 2 .
FIGURE 25














F i g u r e  26 .  I n t e r a c t i o n  o f  hCG and dbcAMP w i t h  PGF2<*  -  day 5 o f  
c u l t u r e .  T reatm ents  were as described In Fig.  25.  Bars w i t h i n  a 
group w i t h  d i f f e r e n t  s u p e r s c r i p t s  a r e  s t a t i s t i c a l l y  d i f f e r e n t  



























F i g u r e  27.  I n t e r a c t i o n  o f  hCG and dbcAMP w i t h  PGF2<X ~ ® ° *
c u l t u r e .  T re a tm ents  were as descr ibed In Fig.  25.  Bars w i t h i n  a 
group w i t h  d i f f e r e n t  s u p e r s c r i p t s  a r e  s t a t i s t i c a l l y  d i f f e r e n t  
(P < 0 .0 1 ) .  Mean ±  SEM, dbcAMP, n = 3 ;  hCG, n = 2 .
I
FIGURE 27
DAY 9 OF CULTURE










F i g u r e  28 .  P h a s e - c o n t r a s t  p h o t o m ic r o g r a p h  o f  b o v in e  l u t e a l  c e l l s  
c u l t u r e d  f o r  11 days In s e r u m - f r e e  medium,  w i t h  no hormone  
a d d i t i o n s .  x195.
F i g u r e  2 9 .  P h a s e - c o n t r a s t  p h o t o m ic r o g r a p h  o f  b o v in e  l u t e a l  c e l l s  
c u l tu r e d  f o r  11 days In s eru m - f ree  medium w i th  the a d d i t io n  o f  LH. 




* •  *  It rJ f £  i ; *v* ** J c  t'n.
* V . * *
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F i g u r e  30 .  P h a s e - c o n t r a s t  p h o t o m ic r o g r a p h  o f  b o v in e  l u t e a l  c e l l s  
c u l tu r e d  f o r  8  days In s e ru m - f re e  medium w i th  the  a d d i t i o n  of  
• d O n g / m l ) .  x195.
F i g u r e  31.  P h a s e - c o n t r a s t  p h o t o m ic r o g r a p h  o f  b o v in e  l u t e a l  c e l l s  
c u l tu r e d  f o r  8  days In s e ru m - f re e  medium w i th  the  a d d i t io n  o f  LH + 




The I n i t i a l  r e s u l t s  s u g g e s t  t h a t  t h e  f u n c t i o n  o f  b o v in e  l u t e a l  
c e l l s  In  t i s s u e  c u l t u r e  can b e s t  be s t u d i e d  In  a s e r u m - f r e e  sys te m .  
C ul tured  In the  presence o f  serum, the  lu te a l  c e l l s  a re  not responsive  
t o  LH In any c o n s i s t e n t  manner .  S i m i l a r l y ,  C t r l  I Io  e t  a l .  (1 9 6 9 )  
repor ted  t h a t  bovine granulosa  c e l l s  c u l tu r e d  In medium c o n ta in in g  10$ 
f e t a  I ca I f  serum w ere  on I y o c c a s l  on a I I y r e s p o n s l  ve t o  LH and t h a t  t h e  
c o n d i t i o n s  f o r  t h i s  r e s p o n s e  w e r e  unknown and u n c o n t r o l l a b l e .  The  
In c o n s is te n t  response observed In c u l t u r e s  c o n ta in in g  serum may be due 
t o  th e  v a r i a b i l i t y  between batches of  serum. The s t e r o id  environment of  
c u l t u r e d  o v a r i a n  c e l l s  can I n h i b i t  ( M a g o f f i n  and E r i c k s o n ,  1982)  o r  
enhance ( N im r o d ,  1981b;  F a n j u l  e t  a l . ,  1983)  g o n a d o t r o p i n - s t i m u l a t e d  
f u n c t i o n ,  and I t  I s  p o s s i b l e  t h a t  t h e  s t e r o i d s  p r e s e n t  In serum would
cause v a r i a b i l i t y  In response between batches o f  serum. However, I t  Is
u n l i k e l y  t h a t  th e  s t e r o id s  In the  serum a re  th e  so le  reason f o r  the lack  
o f  r e s p o n s i v e n e s s ,  s i n c e  ce l  Is  c u l t u r e d  In  t h e  p re s e n c e  o f  c h a r c o a l -  
s t r ip p e d  serum e x h i b i t e d  no b e t t e r  response t o  LH than those In s t e r o l d -  
c o n ta ln ln g  serum ( p r e l i m i n a r y  t r i a l ,  data  not shown).
In c o n t r a s t ,  lu te a l  c e l l s  c u l tu r e d  In s e ru m - f re e  medium e x h ib i t e d  a
c o n s i s t e n t  p a t t e r n  o f  r e s p o n s i v e n e s s  t o  LH. The c u l t u r e s  were  h i g h l y  
r e s  pons I v e t o L H o n  day 1 o f  cu l  t u r e ,  t h e  re s p o n s e  th e n  d I m I n I shed on 
days 3 and 5 ,  b u t  r e t u r n e d  on days 7 - 1 1 .  T h i s  p a t t e r n  has a l s o  been 
described In pr imary  c u l t u r e s  o f  a d u l t  r a t  t e s t i s  c e l l s  (Hseuh, 1980).  
Hsueh p o s tu la te d  t h a t  t h i s  response p a t te r n  m igh t  be due t o  ad ap ta t io n
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t o  t h e  c u l t u r e  e n v i r o n m e n t  o r  t o  t h e  p r e s e n c e  o f  tw o  p o p u l a t i o n s  o f  
L e y d lg  c e l l s  w h ich  a c q u i r e  s t e r o i d o g e n i c  c a p a c i ty  a t  d i f f e r e n t  r a te s .  
The b o v In e  c o rp u s  Iu teum  I s know n t o  cons I s t  o f  tw o  ce I I popuI a t  Io n s ,  
which d i f f e r  In t h e i r  responsiveness t o  LH (Urse ly  and Leymarle ,  1979; 
Koos and Hansel ,  1981). Since the  present  exper im ents  employed c u l t u r e s  
o f  mixed la rg e  and small  lu te a l  c e l l s ,  I t  Is  p o ss ib le  t h a t  the  two c e l l  
s iz e s  c o n t r ib u te d  t o  the  observed p a t te rn  o f  s te ro id o g e n ic  response to  
LH, I . e .  one ce l  I s i z e  may have responded  t o  LH e a r l y  In  t h e  c u l t u r e  
per iod and the  o th e r  s i z e  may have taken u n t i l  days 7-11 t o  a cq u i re  the  
a b i l i t y  t o  respond t o  LH.
I t  I s  l i k e l y  t h a t  i n s u l i n ,  t r a n s f e r r i n  and h y d r o c o r t i s o n e  a r e  
a lre a d y  p resent  In serum, but t h e i r  co n ce n tra t io n s  would be unknown and 
h ig h ly  v a r i a b l e .  Also,  I n s u l i n  Is  h ig h ly  unstab le  above 0 *C, and would 
probably not l a s t  very  long In the  serum. The c e l l u l a r  responsiveness  
was n o t  b e t t e r  when t h e s e  f a c t o r s  w ere  added t o  t h e  s e r u m - c o n t a I  n I ng 
medium (Table  2) .  These r e s u l t s  lend support  t o  the hypothesis  t h a t  the  
presence o f  serum In the  c u l t u r e  medium I n h i b i t s  the  responsiveness of  
the  lu te a l  c e l l s  t o  LH.
W h i l e  t h e  ab I  I I t y  o f  t h e  I u t e a I  ce I  Is  t o  respond t o  LH o n l y  in 
s e r u m - f r e e  medium does n o t  s u p p o r t  t h e  work o f  G o s p o d a ro w Ic z  and 
GospodarowIcz (1972),  i t  Is  In agreement w i t h  the  f in d in g s  of  Erickson  
e t  a l .  ( 1 9 7 9 )  and O r l y  e t  a l .  (1 9 8 0 )  t h a t  r a t  g r a n u l o s a  c e l l s  can  
respond  t o  FSH o n l y  In s e r u m - f r e e  medium. O r l y  e t  a l .  (1 9 8 0 )  have ,  
however,  r e p o r ted  t h a t  granulosa c e l l s  respond t o  dbcAMP In the  presence  
of  serum. When the  lu te a l  c e l l s  in th e  p resent  study were c u l tu r e d  In 
serum -conta in ing  medium, they responded t o  dbcAMP w i th  a g r e a t  increase  
In progesterone production.  Th is  suggests t h a t  the  i n h i b i t i o n  Imposed
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by t h e  serum I s  a t  a s t e p  In  t h e  b i o s y n t h e t i c  m a c h in e r y  p r i o r  t o  t h e  
accumulation o f  cAMP.
S a v lo n  e t  a l .  (1 9 8 1 )  r e p o r t e d  s i m i l a r  f i n d i n g s  In  c u l t u r e s  o f  
bov I ne g r a n u I o s a  ce l  I s;  In  s e r u m - f r e e  medium, FSH + dbcAMP I n c r e a s e d  
progesterone t o  a g r e a t e r  e x t e n t  than did dbcAMP a lone,  but t h e r e  was no 
d i f f e r e n c e  be tw ee n  t h e s e  t w o  t r e a t m e n t s  In  s e r u m - c o n t a I n I n g  medium.  
H ow ever ,  In t h e i r  s y s te m ,  e x p o s u r e  t o  FSH a lo n e  had no e f f e c t  on P4  
production In e i t h e r  s e ru m - f re e  o r  serum -conta ln lng  medium. They sug­
g e s t e d  t h a t  t h i s  was because t h e  s to c k  c u l t u r e s  w ere  passaged f o r  2 - 6  
weeks In the  presence o f  serum before  the  s eru m - f ree  exper iments  were  
begun. T h i s  would  mean t h a t  t h e  I n h i b i t o r y  e f f e c t  o f  t h e  serum Is  a 
chronic  one,  and remains  even a f t e r  th e  serum has been removed from the  
c u l t u r e s .  The n a t u r e  o f  t h e  I n h i b i t o r y  s u b s t a n c e ( s )  p r e s e n t  In  t h e  
serum Is  not known a t  t h i s  t im e .
The a b s o l u t e  l e v e l s  o f  P4  s y n t h e s i z e d  o v e r  t h e  1 1 - d a y  c u l t u r e  do 
n o t  r e f  I e c t  t h e  p a t t e r n  o f  r e s p o n s l  veness  o f  t h e  ce l  I s t o  LH. I n both  
serum -conta ln lng  and s e ru m - f re e  medium, th e  high l e v e ls  of  P4  produced 
during the  f i r s t  day o f  c u l t u r e  a re  not ma in ta ined  In subsequent days.  
T h e r e  I s  a sh arp  decl  In e  In  P4  f rom day 1 t o  day 3 ,  t h e n  s t e r o i d  l e v e l s  
drop more g r a d u a l ly  u n t i l  day 11. The a d d i t io n  of  t r o p i c  hormones can 
reduce the  r a t e  o f  d e c l in e  In P4  but can not m a in ta in  the  high l e v e ls  o f  
s t e r o l d o g e n e s I s  found on day 1. G u Iy a s  e t  a I . (1 9 7 9 )  r e p o r t e d  s im I  I a r  
f in d in g s  w i th  monkey lu te a l  c e l l s  In c u l t u r e .  The d imin ished s t e r o ld o -  
g e n l c - a c t l v I t y  I s  p r o b a b l y  due t o  some t y p e  o f  c e l l u l a r  " a g i n g ” In  
c u l t u r e ,  w i th  a corresponding decrease In general  c e l l u l a r  metabolism.  
Gulyas and Hodgen (1981) suggested t h a t  the P4  d e c l in e  was not due t o  a 
l a c k  o f  s t e r o i d  p r e c u r s o r s  o r  hormones In  t h e  c u l t u r e  medium, b u t  was
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assoc iated  w i th  gradual morphologic  changes t h a t  occur In the  c u l tu r e d  
c e l l s .  A f t e r  two days In c u l t u r e  the  monkey lu te a l  c e l l s  became f l a t ­
te n e d  and c o n t a i n e d  l e s s  smooth e n d o p l a s m i c  r e t i c u l u m  th a n  f r e s h l y  
I s o la t e d  c e l l s .  Bovine lu te a l  c e l l s  a ls o  lose t h e i r  smooth endoplasmic  
r e t i c u l u m  In c u l t u r e  (N o rd ,  1 9 8 0 ) ,  w h ich  would  o b v i o u s l y  l i m i t  t h e  
s te ro id o g en ic  ca p a c i ty  o f  th e  c e l l s .
E f f e c t s  o f  P r o l a c t i n .  PGE. and Cel l  Dens ity
P r o l a c t i n  I s  n o t  c o n s i d e r e d  a l u t e o t r o p l c  hormone In  t h e  b o v i n e ,  
s ince  I t  does not prolong th e  e s t rous  c yc le  or s t i m u l a t e  synthes is  by 
lu te a l  t i s s u e  s l i c e s  I n  v i t r o  (Hansel e t  a l . ,  1973).  However, In o th e r  
spec ies ,  p r o l a c t i n  u s u a l ly  e x e r t s  I t s  l u t e o t r o p l c  e f f e c t s  by m a in t a in in g  
o v e r a l l  c e l l u l a r  I n t e g r i t y  and e n z y m a t i c  f u n c t i o n .  These c h r o n i c  
a c t i o n s  o f  p r o l a c t i n  w ou ld  be I m p o r t a n t  In  a l o n g - t e r m  c e l l  c u l t u r e  
system t o  a id  In the  maintenance of  s te ro id o g e n ic  c ap a c i ty .  Although  
p r o l a c t i n  s u s ta in s  P^ l e v e l s  s l i g h t l y  above c o n t r o l s ,  t h i s  e f f e c t  Is  not  
s i g n i f i c a n t  and c o u ld  be due t o  t h e  LH c o n t a m i n a t i o n  In t h e  p r o l a c t i n  
p re p a ra t io n .  More I m p o r t a n t ly ,  p r o la c t io n  does not p o t e n t i a t e  the  acute  
s t e r o i d o g e n i c  a c t i o n  o f  LH, even a f t e r  p ro lo n g e d  e x p o s u re .  These  
r e s u l t s  support  the conclus ion t h a t  p r o l a c t i n  has no l u t e o t r o p l c  e f f e c t  
In th e  bovine.  Romanoff (1966) has repor ted  t h a t  p r o l a c t i n  s t i m u l a t e s  
P4  s y n t h e s i s  by I s o l a t e d  p e r f u s e d  b o v in e  o v a r i e s ,  b u t  e x t r e m e l y  h ig h  
l e v e l s  o f  p r o l a c t i n  w ere  used and h i s  r e s u l t s  c o u ld  be due t o  LH con­
ta m in a t io n .
P r o s t a g l a n d i n  Ej and E2  s t i m u l a t e  a d e n y la te  cyc lase  a c t i v i t y  and 
progesterone synthes is  by the  bovine corpus Iuteum I n  v i t r o  (Hansel ,  e t  
a l . ,  1973 ;  M arsh ,  1 9 7 6 ) ,  b u t  t h e  l o n g - t e r m  In v I t r o  e f f e c t s  o f  t h e s e  
p r o s t a g l a n d i n s  had n o t  been p r e v i o u s l y  e x a m in e d .  The drop In  r e s p o n -
s l v e n e s s  t o  PGE1 on day 3 I s  I d e n t i c a l  t o  t h a t  seen w i t h  LH and dbcAMP 
( F i g s .  3 and 4 b ) .  I t  I s  p o s s i b l e  t h a t  t h e  ce l  I s need t i m e  t o  a d a p t  t o  
t h e  c u l t u r e  e n v i r o n m e n t ,  and r e g a i n  t h e i r  r e s p o n s i v e n e s s  a f t e r  t h i s  
a c c l i m a t i o n  per iod.  PGE  ^ is  g e n e r a l l y  s t i m u l a t o r y  throughout the c u l ­
t u r e  p e r io d  and,  t h e r e f o r e ,  can be used t o  s tu d y  h o r m o n e - In d u c e d  P^ 
production In t h i s  system.
Hornsby  and G i l l  ( 1 9 8 1 ) ,  u s in g  c u l t u r e d  b o v in e  a d r e n o c o r t i c a I  
c e l l s ,  repor ted  t h a t  a major  d e te rm in a n t  o f  c e l l u l a r  responsiveness t o  
ACTH, but not PGEj, was c e l l  dens i ty .  The reason f o r  t h i s  d i f f e r e n c e  is  
not c le a r ,  but an e f f e c t  o f  c e l l  dens i ty  on responsiveness t o  hormonal  
s t i m u l a t i o n  has a ls o  been repor ted  in c u l tu r e d  t h y r o i d  c e l l s  ( F i l e t t i  e t  
a l . ,  1981 )  and human f i b r o b l a s t s  (P o c h e t  e t  a l . ,  1 9 8 2 ) .  P o c h e t  e t  a l .  
found t h a t / 0 - a d r e n e r g I c  r e c e p t o r s  w e r e  d e c r e a s e d  a t  h igh  p o p u l a t i o n  
d e n s i t i e s ,  and Chow and Poo (1 9 8 2 )  n o t i c e d  a r e d i s t r i b u t i o n  o f  c e l l  
s u r f a c e  l e c t i n  r e c e p t o r s  a f t e r  ce l  I c o n t a c t  in  c u l t u r e d  m u s c le  ce l  Is .  
This  could be r e l a t e d  t o  th e  change in membrane m i c r o v i s c o s i t y  (becoming 
l e s s  f l u i d )  t h a t  o c c u r s  in  d e n s e ly  p o p u l a t e d  c u l t u r e s  ( I n b a r  e t  a l . ,  
1977).
In l i g h t  o f  these o bs erv a t ions ,  i t  was expected t h a t  c e l l  dens i ty  
would  a f f e c t  t h e  r e s p o n s i v e n e s s  o f  c u l t u r e d  b o v in e  l u t e a l  c e l l s  t o  
gonadotropin s t i m u l a t i o n .  No s i g n i f i c a n t  d i f f e r e n c e s  were observed In 
the  c e l l  dens i ty  exper im ents ,  but t h i s  is  probably due t o  the  low number 
o f  a n i m a l s  used. The h i g h e s t  d e n s i t y  c u l t u r e  e x h i b i t e d  t h e  l e a s t  
re sp o n s e  t o  LH on day 1. Thi  s coul  d be a t t r i  b u ted  t o  t h e  f a c t  t h a t  al  I 
c u l t u r e s  r e c e i v e d  t h e  same dose o f  LH ( 1 0 n g / m l ) ,  and w i t h  a g r e a t e r  
number of  c e l l s  in the  high dens i ty  c u l t u r e  th e r e  would s imply  be few er  
LH molecules per c e l l  t o  e l i c i t  a maximal response.  Th is  does not hold
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t r u e  throughout the  c u l t u r e  per iod ,  however,  s ince  the  second-most dense 
c u l t u r e  was more responsive  than the  t h i r d - m o s t  dense c u l t u r e .  Although  
I t  may n o t  be a p p a r e n t  f ro m  t h e s e  e x p e r i m e n t s ,  c e l  I d e n s i t y  p r o b a b l y  
does p I ay a r o l  e In I u te a  I r e s p o n s  I veness  t o  LH. T h e r e  I s most  I I ke I y 
an o p t i m a l  c e l  I d e n s i t y  t h a t  would  al  low t h e  ce l  Is  t o  re spond  t o  LH, 
s ec re te  a p p re c ia b le  amounts o f  s t e r o i d ,  and not be a d ve rse ly  a f f e c t e d  by 
overcrowding In the  c u l t u r e  vesse l .  I f  t h i s  Is  t r u e ,  the  opt im al  den­
s i t y  f o r  bovine lu te a l  c e l l s  remains  t o  be determined.
L l-PQ .p .r.Q t .e .L n  E x p e r i m e n t s
As shown In  F i g s .  5 and 6 , l u t e a l  c e l l s  c u l t u r e d  In  s e r u m - f r e e  
medium c o n ta in  f a r  fe w er  l i p i d  d ro p le ts  than c e l l s  In s erum -conta ln lng  
medium. T h i s  lo s s  o f  endogenous c h o l e s t e r o l  s t o r e s  c o u ld  be a m a jo r  
f a c t o r  c o n t r i b u t i n g  t o  th e  decreased ou tpu t  of  P4  observed In th e  serum-  
f r e e  c u l t u r e s .  Although th e  a d d i t io n  o f  LDL and HDL a t  th e  onset o f  th e  
c u l t u r e  did not g r e a t l y  Increase  P4  l e v e ls .  I t  demonstrated t h a t  n e i t h e r  
I I po pro t e l  n I n h i b i t e d  t h e L H  re s p o n s e ,  as had t h e  serum.  The g r e a t e r  
r e s p o n s i v e n e s s  o f  t h e  c e l  Is  t o  LDL and HDL on days 5 - 9  o f  c u l t u r e  I s  
probably  due t o  the  3-day "pre lncuba t lon"  p r i o r  t o  l i p o p r o t e in  a d d i t i o n ,  
which serves t o  lower th e  endogenous c h o le s te ro l  s to re s  In the  lu te a l  
ceI I s .
Lowering blood l i p o p r o t e in  le v e ls  In r a t s  leads t o  decreased l e v e ls  
of  plasma P4  (Andersen and D Ie tschy ,  1978; C h r i s t i e  e t  a I . ,  1979; Azhar  
and Menon, 1981c),  I n d i c a t i n g  t h a t  c i r c u l a t i n g  l i p o p r o t e in s  serve as an 
Im p o r tan t  source of  c h o le s te r o l  f o r  ovar ian  P4  synthes is .  The j_n v i t r o  
s t i m u l a t i o n  o f  p r o g e s t e r o n e  p r o d u c t i o n  by l i p o p r o t e i n s  Is  c o n s is t e n t  
w i th  r e s u l t s  obta ined  In c u l tu r e d  r a t  (Schuler  e t  a l . ,  1979; Schre lbe r  
e t  a l . ,  1 980 )  and b o v in e  ( S a v lo n ,  e t  a l . ,  1982)  g r a n u l o s a  ce l  Is .  The
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Increased P4  I s  probably due t o  Increased syn th es is ,  not s imply  enhanced 
s e c re t io n  from th e  c e l l s ,  because bovine l i p o p r o t e in s  have been shown to  
have no e f f e c t  on s e c r e t i o n  o f  P4  f ro m  I u t e a l  t l s s u e  i n  v I t r o  (Condon 
and P a t e ,  1 9 8 1 ) .
Both LDL and HDL were a b le  t o  s t i m u l a t e  P4  syn thes is ,  presumably by 
p ro v id in g  c h o le s te ro l  s u b s t ra te .  The r e s u l t s  o f  the  ^ C - a c e t a t e  Incor­
p o ra t io n  study In d i c a t e  t h a t  the  l i p o p r o t e in s  can a l t e r  c e l l u l a r  choles­
t e r o l  metabolism. Both LDL and HDL caused a decrease In de novo choles­
t e r o l  synthes is  and hence lowered th e  s p e c i f i c  a c t i v i t y  of  the  P4  being  
produced. Since c h o le s te ro l  s y n t h e s i s  was d e c r e a s e d  and P4  s y n t h e s i s  
was increased, th e  c h o le s te r o l  used f o r  s te ro id o g en e s is  had t o  come from 
e l t h e r  c h o l e s t e r y I  e s t e r  s t o r e s  o r  f rom  t h e  l i p o p r o t e i n s .  As a l r e a d y  
dl s cus sed ,  t h e  I I p id  s t o r e s  In  t h e  cel  Is  w e re  I a r g e I y  d e p l e t e d ,  I n d I — 
e a t in g  t h a t  l i p o p r o t e in - s u p p l i e d  c h o le s te ro l  was probably the  source o f  
s t e r o l  f o r  P4  p r o d u c t i o n .  The mechanism by w h ich  l i p o p r o t e i n s  can 
r e g u l a t e  c h o l e s t e r o l  s y n t h e s i s  I s  n o t  f u l l y  u n d e r s t o o d ,  b u t  p r o b a b l y  
depends p r I  mar I I y  on t h e  I n h I b I t l o n  o f  HMG-CoA r e d u c t a s e  t h a t  o c c u r s  
when g r a n u l o s a  c e l l s  a r e  c u l t u r e d  In  t h e  p r e s e n c e  o f  l i p o p r o t e i n s  
(Sav Ion e t  a I . ,  1 9 8 2 ) .
Savion e t  a l .  (1982) re p o r ted  t h a t  LDL seemed t o  be more e f f e c t i v e  
t h a n  HDL in  p r o m o t i n g  P4  s y n t h e s i s  In  c u l t u r e s  o f  b o v in e  g r a n u l o s a  
c e l l s .  In the  p resent  study,  HDL tended t o  Increase P4  and decrease de 
novo c h o le s te r o l  synthes is  t o  a g r e a t e r  e x t e n t  than LDL. The reason f o r  
t h i s  d iscrepancy may be due t o  a d i f f e r e n c e  between bovine granulosa and 
I u t e a I  ce l  I s. H ow e ver ,  I t  w ou Id  seem t h a t  t h e  g r a n u l o s a  ce l  I s  would  
r e a d i l y  u t i l i z e  HDL, because they a re  exposed t o  only  HDL I n  s i t u . HDL 
Is  present in th e  f o l l i c u l a r  f l u i d  bathing the  granulosa  c e l l s ,  but LDL
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can n o t  p e n e t r a t e  t h e  basem ent  membrane and, t h e r e f o r e ,  would n o t  be 
ava I I ab I e f  o r  use by t h e  granu  I osa cel  I s. I n t h e  p r e s e n t  s t u d y ,  l i p o ­
p r o t e i n  was added t o  t h e  c u l t u r e s  on t h e  b a s i s  o f  I I p o p r o t e l n - c h o I e s -  
t e r o l  content ,  whereas Savlon e t  a l .  added l ip o p r o te in s  on the basis  o f  
I I p o p r o t e l  n - p r o t e l  n. T h i s  m i g h t  a l s o  c o n t r i b u t e  to  the  observed d i f ­
ferences In LDL-HDL e f f e c t i v e n e s s ,  s ince  the  c h o l e s t e r o l / p r o t e i n  r a t i o s  
are  d i f f e r e n t  In the two molecules.
E f f e c t s  a f  Indomethacln and Prostag landin
As shown In Fig.  16 and Table  3, bovine lu te a l  c e l l s  In c u l t u r e  are  
c a p a b le  o f  s y n t h e s i z i n g  p r o s t a g l a n d i n s .  L i k e  p r o g e s t e r o n e ,  p r o s t a ­
glandin  le v e ls  tend to  decrease over the  c u l t u r e  period.  Although the  
d I f f e r e n c e s  w ere  n o t  s i g n i f i c a n t ,  LH caused a s l i g h t  I n c r e a s e  In al I 
th r e e  of  the pros tag landins .  This  Is  In agreement w i th  the  f in d in g s  of  
Demers e t  a l .  (1973),  who demonstrated an L H -s t Im u la te d  r i s e  In PGF In 
r a t  c o r p o r a  I u te a  In  o rgan  c u l t u r e .  The t n c r e a s e  In 6 - k e t o - P G F ^  I s  
I n t r i g u i n g ,  because p r o s ta c y c l in  has l u t e o t r o p l c  e f f e c t s  on the  bovine  
CL both I n  v I v o  and I n  v I t r o  ( M l l v a e  and H a n s e l ,  1980 b) .  I t  I s  
p o s s i b l e  t h a t  p r o s t a c y c l  In  p r o d u c t i o n  c o u ld  s e rv e  t o  p o t e n t i a t e  t h e  
t r o p i c  e f f e c t s  o f  LH.
However ,  LH I s  a b l e  t o  s t i m u l a t e  P4  p r o d u c t i o n  even when p r o s t a ­
g l a n d i n  s y n t h e s i s  Is  lo w e re d  ( T a b le  4 ) .  I n h i b i t i o n  o f  p r o s t a g l a n d i n  
synthesis  by I ndomethacln re s u l te d  In an Increase In L H -s t Im u la te d  P4  
s y n t h e s l s  In r a t  and ewe c o r p o r a  I u t e a  I ncubated  I n  v I t r o  (E v r a r d  e t  
a l . ,  1978), and Indomethacln Increased both basal and L H -s t Im u la ted  P4  
In the present study. I t  Is  poss ib le  t h a t  lu te a l  synthesis  of  prosta ­
g landin  suppresses the  a b i l i t y  o f  the c e l l s  to  achieve maximal s te ro id o ­
genesis.  Balmaceda e t  a l .  (1979) have proposed t h a t  an e le va ted  PGF/PGE
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r a t i o  w i t h i n  the  rhesus monkey CL Is  assoc ia ted  w i th  lu te a l  regress ion .  
I f  t h i s  r a t i o  I s  lo w e re d  w I t h  In  v I vo I n j e c t i o n s  o f  hCG, t h e  c o r p o r a  
I utea e x h i b i t  few er  signs o f  regress ion  than contro l  corpora Iu te a  from 
th e  same day of  the  cyc le  (Balmaceda e t  a l . ,  1981).  Rothch l ld  (1981) has 
specula ted t h a t  an I n t r a l u t e a l  p ros ta g lan d in  may serve as the  universa l  
l u t e o l y s l n .  The a b i l i t y  o f  I n d o m e t h a c l n  t o  g r e a t l y  I n c r e a s e  P4  in  
c u l t u r e d  b o v in e  l u t e a l  c e l l s ,  s u g g e s ts  t h a t  endogenous p r o s t a g  I and I n 
s ynthes is  may p a r t i a l l y  r e g u l a t e  P4  production In t h i s  spec ies.
A d d i t io n  of  PGF2 ^  t o  th e  lu te a l  c e l l  c u l t u r e s  e i t h e r  had no e f f e c t  
o r  produced a s i I g h t  s t i m u l a t i o n  o f  basa l  P4  s y n t h e s i s .  E v r a r d  e t  a l .
(1 9 7 8 )  and W r i g h t  e t  a l .  (1 9 8 0 )  r e p o r t e d  t h a t  PGF2 *  had no e f f e c t  on 
basal l e v e ls  o f  P4 , w h i le  PGF2 # s t im u la t e d  basal P4  synthes is  In o th e r  
In v i t r o  systems (S p ero f f  and Ramwel I ,  1970; Hansel e t  a l . ,  1973; Hlxon 
and Hansel ,  1979).  The a b i l i t y  o f  PGF2 rt t o  In f lu e n c e  basal l e v e ls  o f  P4  
I s  probably v a r i a b l e  and dependent on the  m e ta b o l ic  s t a t e  of  the  c e l l .  
Response t o  PGF2a  might be modulated by the  s te r o ld o g e n lc  p o t e n t ia l  o f  
t h e  c e l l ,  I n t r a c e l l u l a r  l e v e l s  o f  s t e r o i d s  a n d / o r  p r o s t a g l a n d i n s ;  
I n t r i n s i c  mechanisms r e g u l a t i n g  PGF2 CX r e c e p t o r s ,  o r  o t h e r  c h a n g in g  
m e ta b o l ic  events  w i t h i n  th e  c e l l .
.MacJiao.Lan o l A dlan s±
Thomas e t  a l .  (1 9 7 8 )  r e p o r t e d  t h a t  PGF2o< s t i m u l a t e d  basal  P4  
synthes is  In a 2  hour c u l t u r e  of  r a t  lu te a l  c e l l s ,  but c om ple te ly  in h ib ­
i t e d  L H - s t lm u la te d  s t e r o i d o g e n e s i s .  T h i s  s u g g e s ts  t h a t  s i m u l t a n e o u s  
s t i m u l a t i o n  by a n o t h e r  hormone may I n f l u e n c e  PGF2 ot a c t i o n .  In t h e  
present study,  PGF2 <* I n h i b i t e d  L H - s t lm u la te d  P4  on days 3 -1 1 ,  al though  
I t  had no e f f e c t  on basal s te ro id o g en e s is  (F igures  17 and 18). However,  
was no^ * e + °  overcome t h e L H  s t i m u l a t i o n  d u r i n g  t h e  f i r s t  24
119
hours  o f  c u l t u r e .  Henderson and M c N a t ty  ( 1 9 7 7 ) ,  u s in g  c u l t u r e s  o f  
bovine granulosa c e l l s ,  r ep o r te d  t h a t  PG?2 <t, an I n h i b i t o r y  e f f e c t  I f  
added a t  the  s t a r t  of  th e  c u l t u r e ,  but not I f  added l a t e r  In th e  c u l t u r e  
per iod.  Cu l tured  granulosa c e l l s  I n i t i a l l y  produced very  low le v e ls  o f  
P4 , and t h e s e  l e v e l s  I n c r e a s e  as t h e  c u l t u r e  p r o g r e s s e s  and t h e  cel  Is  
undergo "I u te l  n l z a t lo n " .  These authors  suggested t h a t  uptake and
s u b se q u e n t  l u t e o l y t l c  a c t i o n  was I n v e r s e l y  r e l a t e d  t o  P4  p r o d u c t i o n .  
This  would agree w i th  the  r e s u l t s  re por ted  here ,  s ince  P4  production Is  
much g r e a t e r  on day 1 In  l u t e a l  c e l l  c u l t u r e s ,  and PG?2<*. c*oes n0 '*' 
I n h i b i t  L H - s t l m u l a t e d  s t e r o i d o g e n e s i s  a t  t h i s  t i m e .  U n f o r t u n a t e l y ,  
Henderson and McNatty used 20% c a l f  serum In t h e i r  granulosa c e l l  c u l ­
tu r e s  and could g e t  no LH-response,  so I t  Is  not  p o ss ib le  t o  d i s t i n g u i s h  
between PG^o^ I n h i b i t i o n  o f  basal or L H -s t i  mul ated P4  In t h e i r  system.
The e x a c t  mechanl sm by w h ich  PGF2 4  I n h i b i t s  L H - s t l m u l a t e d  s t e -  
r o l d o g e n e s l s  I s  n o t  c l e a r .  I t  I s  p r o b a b l y  n o t  due t o  a lo s s  o f  LH 
re c e p to rs ,  s ince  PGF2 *  does not reduce gonadotropin uptake In th e  r a t  
CL I n v I t r o  (Behrman e t  a l . ,  1978;  Pang and Behrman,  1 9 8 1 ) .  To d e t e r ­
m in e  I f  t h e  PGF2o( I n h i b i t i o n  o c c u r s  p r i o r  t o  o r  a t  t h e  l e v e l  o f  t h e  
ad en y I  a t e  eye  I a s e  mol ecu I e ,  c h o l e r a  t o x l n  and f o r s k o I  In  w e re  used as 
s t i m u l a t o r y  a g e n t s .  C h o l e r a  t o x i n  s t i m u l a t e s  a d e n y l a t e  c y c l a s e  by 
d i r e c t  I n t e r a c t i o n  w i th  th e  r e g u la to ry  subuni t  o f  the  enzyme. Incuba­
t i o n  o f  r a t  I u t e a I  ce I  I s  w I t h  c h o l e r a  t o x l n  p roduces  a d o s e - d e p e n d e n t  
I n c r e a s e  In  P4  p r o d u c t i o n  (A z h a r  and Menon, 1 9 8 1 c ) .  F o r s k o l l n  Is  a 
n a t u r a l  d l t e r p e n e  t h a t  a c t s  d i r e c t l y  on e i t h e r  t h e  c a t a l y t i c  u n i t  o f  
adeny la te  cyc lase  (Seamon and Da ly ,  1981) o r  some o th e r  component o f  the  
enzyme ( S t e n g e l  e t  a l . ,  1 9 8 2 ) .  I t  p o t e n t i a t e s  ACTH - Induced  s t e r o i d o ­
g e n e s i s  In  a d r e n a l  ce l  Is  ( M o r l w a k I  e t  a l . ,  1982)  and s t i m u l a t e s  cAMP
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acccumulatlon In t h y r o id  membranes (Fradkln  e t  a l . ,  1982).
Both c h o l e r a  t o x i n  and f o r s k o l l n  w e re  h i g h l y  s t i m u l a t o r y  In  
c u l t u r e s  o f  bovine lu te a l  c e l l s  (F igures  19-24).  As was the  case w i t h  
LH, was no'*’ a b*e ’*’°  +be cho lera  t o x in  o r  f o r s k o l i n  s t im u­
l a t i o n  on day 1 , but s i g n i f i c a n t l y  depressed any Increase  In P4  on days 
3-11 .  The a b i l i t y  o f  PGF2 «* + °  I n h i b i t  t h i s  s t i m u l a t i o n  in d ic a te s  t h a t  
t h e  s i t e  o f  a c t i o n  o f  PGF£R i s  n o t  b e f o r e  t h e  a d e n y l a t e  c y c l a s e  m o le ­
c u l e ,  b u t  must  I t e  e i t h e r  a t  t h e  l e v e l  o f  t h e  c y c l a s e  o r  beyond t h i s  
p o in t  In the  s te ro id o g e n ic  pathway.
I f  PGF2 rt was a c t i n g  d i r e c t l y  on t h e  a d e n y l a t e  c y c l a s e  m o l e c u l e ,  
a d d i t i o n  o f  dbcAMP would  be e x p e c t e d  t o  overcom e t h e  p r o s t a g l a n d i n  
I n h i b i t i o n .  T h i s  I s  d i f f i c u l t  t o  d e t e r m i n e  f ro m  t h e  p r e s e n t  s t u d y ,  
because the  dbcAMP s t i m u l a t i o n  was not s i g n i f i c a n t  a f t e r  day 1 In t h i s  
s e t  o f  e x p e r i m e n t s .  H ow e ver ,  on days 5 and 9 ,  t h e  dbcAMP + PGF2 ^  ~ 
t r e a t e d  c u l t u r e s  produced somewhat lower l e v e ls  o f  P  ^ than those exposed 
t o  dbcAMP al  one.  Th I s wou I d s u g g e s t  t h a t  PGF2 <*c an  I nh I bl t  s t e r o l  do-  
genesls  a t  a p o in t  d i s t a l  t o  the  accumulation of  c e l l u l a r  cAMP.
These r e s u l t s  d i s a g r e e  w i t h  t h o s e  o f  Thomas e t  a l .  ( 1 9 7 8 ) ,  who 
r e p o r t e d  PGF2 0( I nh I b I t e d  t h e  L H - s t i  mu I a t e d  accum u I a t l  on o f  cAMP, and 
a d d i t io n  of  dbcAMP t o  th e  r a t  lu te a l  cel Is overcame the  PG i n h i b i t i o n  of  
L H - s t lm u la te d  P4  p roduction.  D o r f l i n g e r  and Behrman (1979) a ls o  found 
t h a t  dbcAMP could overcome the  PG I n h i b i t i o n  o f  ch o le ra  to x in  s t i m u l a ­
t i o n  In r a t  l u te a l  c e l l s .  Both o f  these s tu d ie s  employed 2 hour Incuba­
t i o n s  o f  r a t  I u t e a  I ce I I s. 11 I s possl  b I e t h a t  PGF2 J* e x e r t s  an I nh I b— 
I t o r y  e f f e c t  a t  a s i t e  a f t e r  cAMP, b u t  t h a t  l o n g e r  e x p o s u r e  t o  t h e  
p ro s tag land in  Is  r e q u i re d  f o r  t h i s  t o  occur. Also,  a small  component of  
I n h i b i t i o n  r e m a in e d  even a f t e r  t h e  a d d i t i o n  o f  dbcAMP In t h e  s tu d y  by
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D o r f  l i n g e r  and Behrman,  and w h i l e  PGF2 o( compl e t e l  y b lo c k e d  c h o l e r a  
tox in -d ep en d en t  p roge sterone  s e c r e t i o n ,  c h o l e r a  t o x i n - d e p e n d e n t  cAMP 
accumulation  was on ly  p a r t i a l l y  reduced. These workers concluded t h a t  
cho lera  t o x i n  s t im u la t e d  some a d e n y la te  cyc lase  m o ie t i e s  t h a t  were not  
l i n k e d  t o  P4  s y n t h e s i s  and w e r e  n o t  I n h i b i t e d  by PGF£<*• H ow ever ,  I t  
seems e q u a l l y  p l a u s i b l e  t h a t  PGF2 *  produced a les io n  In the  b io s y n t h e t ic  
pathway a t  a p o in t  d i s t a l  t o  cAMP. PGF2 0 1  m ight  a ls o  have m u l t i p l e  s i t e s  
o f  a c t i o n  In  l u t e a l  c e l l s ,  w h ich  w ou ld  f u r t h e r  I n s u r e  t h e  o n s e t  o f  
f u n c t i o n a l  lu t e o l y s l s .
The work  o f  Jordan  (1 9 8 1 )  s u p p o r t s  t h e  c o n c e p t  t h a t  PGF2 ^  may 
I n h i b i t  s t e r o l d o g e n e s l s  a t  a p o l n t  beyond cAMP I n r a t  I u t e a l  t l s s u e .  
Khan and Rosberg (1979) Incubated r a t  lu te a l  membranes and whole c e l l s  
w i th  PGF2 ^  and examined subsequent s t i m u l a t i o n  o f  ad e n y la te  cyc lase  by 
LH. A d d i t io n  o f  PGF2&  t o  I s o la t e d  membranes did not change the  s t i m u l a ­
t i o n  of  a d en y la te  cyc lase  by LH, whereas Incubat ion  w i th  PGF2 ^  In whole  
c e l l s  reduced L H - s t lm u la te d  ad e n y la te  cyc lase.  Although not  discussed  
by these authors ,  these r e s u l t s  may suggest t h a t  PGF2c* can I n i t i a t e  (or  
s u p p re s s )  an I n t r a c e I  I u I a r  e v e n t  t h a t  would  s u b s e q u e n t l y  i n f l u e n c e  
enzyme a c t i v i t y  In the  plasma membrane.
PGF2 <3( a ls o  I n h i b i t e d  In d o m e th a c ln -s t im u la te d  P4  production in the  
b o v in e  l u t e a l  c e l l  c u l t u r e s .  I f  i n d o m e t h a c i n  I n c r e a s e s  P4  s o l e l y  
t h ro u g h  i t s  p r o s t a g l a n d i n  s y n t h e s i s  I n h i b i t i n g  p r o p e r l t e s ,  t h e n  t h e  
a d d i t i o n  o f  PGF2 4  may have r e p la c e d  t h e  endogenous p r o s t a g l a n d i n s  and 
lowered P4 . Since I n t r a l u t e a l  p ros ta g lan d in  synthes is  would have been 
b lo c ke d  In  t h e  p re s e n c e  o f  I n d o m e t h a c i n ,  PGF2 ,* d id  n o t  I n h i b i t  t h e  
I ndomethacln- Induced r i s e  In P4  through a s t i m u l a t i o n  of  p ros tag land in  
systhes ls .  However, t h i s  does not preclude the  p o s s i b i l i t y  t h a t  PGF2 *
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might block L H - s t lm u la te d  P4  by Inducing endogenous pros tag lan d in  syn­
t h e s i s .  To a n s w e r  t h I  s q u e s t i o n ,  t h e  ab I  I 1 t y  o f  PGF2 *  t o  I n h i b i t  LH— 
s t im u la t e d  P4  In th e  presence of Indomethacin must be examined.
Morphology M  Hormone-Treated Lut fiaJ. .Oft1.1.s,
The r e s p o n s i v e n e s s  o f  b o v i n e  l u t e a l  c e l l s  c u l tu r e d  In s eru m - f ree  
medium t o  exogenous hormones Is  f u r t h e r  e x e m p l i f i e d  by the  morphological  
changes a p p a r e n t  In  t h e s e  c e l l s .  G o n a d o t r o p I n - s t i m u l a t io n  causes the  
c e l l s  t o  become more sp h er ica l  and separated, ,  and th e  r e d i s t r i b u t i o n  of  
l i p i d  d r o p le ts  Im p l ie s  t h a t  c y t o s k e le t a l  rearrangements  have occurred.  
I t  I s  I n t e r e s t i n g  t o  f i n d  t h a t  PGF2 «< In d u c es  t h e s e  same c hang es ,  and 
they a re  s t i l l  seen when PGF2 <il and LH are  combined, al though s t e r o id o ­
genesis  Is  not exceeding c o ntro l  l e v e ls  In these c u l t u r e s .  Perhaps the  
lu te a l  c e l l s  respond m o rp h o lo g ic a l ly  t o  many s ig n a ls  in th e  same manner, 
even I f  these  s ig n a ls  u l t i m a t e l y  produce d i f f e r e n t  biochemical  r e s u l t s .
A t  t h e  l e v e l  o f  t h e  I I g h t  m i c r o s c o p e ,  I t  I s  d i f f i c u l t  t o  d i s t i n ­
g u is h  b e tw ee n  an LH- and a PGF2 oi, -  t r e a t e d  c u l t u r e .  I t  wou ld  be 
I n t r i g u i n g  t o  examine the  u l t r a s t r u c t u r e  o f  these c e l l s  to  dete rmine  I f  
LH and PGF2 <* have d i f f e r e n t  e f f e c t s  on the  c e l l  s u r fa c e  or  s u b c e l l u l a r  
o r g a n e l le s  o f  c u l tu r e d  lu te a l  c e l l s .
CONCLUSIONS
1. From these s tu d ies  I t  Is  concluded t h a t  the  presence of serum In the  
c e l l  c u l t u r e  medium d im in is h e s  the  responsiveness o f  bovine lu te a l  
c e l  Is  t o  LH, and t h a t  t h e  i n h i b i t i o n  Imposed by t h e  serum Is  a t  a 
step p r i o r  t o  the  Increase  In c e l l u l a r  cAMP.
2 .  Serum  l i p o p r o t e i n s ,  b o t h  LDL and HDL, a r e  a b l e  t o  e n h a n c e  
progesterone production by c u l t u r e d  bovine lu te a l  c e l l s .
3 .  LDL and HDL can r e g u l a t e  de novo s te ro l  synthes is  and in c o rp o ra t io n  
o f  a c e t a t e  I n t o  p r o g e s t e r o n e  by c u l t u r e d  b o v in e  l u t e a l  c e l l s ,  
support ing  th e  hypothesis  t h a t  l i p o p r o t e in s  supply lu te a l  c e l l s  w i th  
a source o f  c h o le s te ro l  t o  be used as s u b s t ra te  f o r  s te ro id o g e n e s is .
4 .  PGF2 <£ can I n h i b i t  LH-,  c h o le ra  t o x i n - ,  and f o r s k o l I n - s t i m u l a t e d  P4
production a f t e r  day 1 o f  c u l t u r e .  The nduced les ion  in the
s te ro id o g e n ic  pathway may be a t  the  adeny la te  cyc lase  molecule ,  a t  a 
p o in t  d i s t a l  t o  the  accumulation of  cAMP, or both.
5 .  The s t i m u l a t i o n  of  s te ro id o g en e s is  by indomethacin can be overcome 
by the  a d d i t i o n  o f  PGF2 a -
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M a c D o n a l d .  ( 1 9 7 8 ) .  E f f e c t  o f  h y p o p h y s e c t o m y , 
p r o l a c t i n ,  a n d  p r o s t a g l a n d i n  F 2 ^  on g o n a d o t r o p i n  
b i n d i n g  i n  y i y s  a n d  i n  Y i t r o  I n  t h e  c o r p u s  l u t e u m .  
E n d o c r i n o l o g y  1 0 3 : 3 4 9 - 3 5 7 .
Bi  r n b a u m e r ,  L.  ( 1 9 8 2 ) .  R e g u l a t i o n  o f  g o n a d o t r o p i c  a c t i o n  
a n d  m o l e c u l a r  m e c h a n i s m  o f  g o n a d o t r o p l n - I n d u c e d  
a c t i v a t i o n  o f  a d e n y l y l  c y c l a s e .  I n :  F a c t o r s  A f f e c t i n g
O v a r i a n  F u n c t i o n .  4 t h  B i e n n i a l  O v a r i a n  Wo r k s h o p .  ( G. S.  
G r e e w a l d  a n d  P . F .  T e r r a n o v a ,  e d s . ) .  R a v e n  P r e s s ,  N . Y .  
( i n p r e s s ) .
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B i s g a  I e r ,  C . L . , C. R.  T r e a d w e l  I a n d  G. V .  V a h o u n y .  ( 1 9 7 9 ) .  
A c t i v a t i o n  o f  s t e r o l  e s t e r  h y d r o l a s e  o f  b o v i n e  c o r p u s  
l u t e u m  by N ° , 0 ^ ' - d I b u t y r y  I c y c l i c  a d e n o s i n e  3 * : 5 1 — 
p h o s p h a t e .  L i p i d s  1 4 : 1 - 4 .
B l o c h , K .  ( 1 9 4 5 ) .  T h e  b i o l o g i c a l  c o n v e r s i o n  o f  c h o l e s t e r o l  
t o  p r e g n a n e d I o I . J .  B i o l .  Chem.  1 5 7 : 6 6 1 - 6 6 6 .
B o l t e ,  E . ,  S.  C o u d e r t  a n d  Y.  L e f e b u r e .  ( 1 9 7 4 ) .  S t e r o i d  
p r o d u c t i o n  f r o m  p l a s m a  c h o l e s t e r o l .  I I .  _L n.
c o n v e r s i o n  o f  p l a s m a  c h o l e s t e r o l  t o  o v a r i a n  
p r o g e s t e r o n e  a n d  a d r e n a l  C i g  a n d  C 2  j  s t e r o i d s  i n  
huma ns .  J .  C l i n .  E n d o c r i n o l .  M e t a b .  3 8 : 5 9 4 - 4 0 0 .
B r o w n ,  M. S .  a n d  J . L .  G o l d s t e i n .  ( 1 9 7 6 ) .  R e c e p t o r - m e d i a t e d  
c o n t r o l  o f  c h o l e s t e r o l  m e t a b o l i s m .  S c i e n c e  1 9 1 : 1 5 0 -  
1 5 4 .
B r o w n ,  M . S . ,  P . T .  K o v a n e n  a n d  J . L .  G o l d s t e i n .  ( 1 9 7 9 ) .  
R e c e p t o r - m e d i a t e d  u p t a k e  o f  I I p o p r o t e I n - c h o I e s t e r o I  
a n d  I t s  u t i l i z a t i o n  f o r  s t e r o i d  s y n t h e s i s  i n  t h e  
a d r e n a l  c o r t e x .  R e c .  P r o g .  Hor m.  Re s .  3 5 : 2 1 5 - 2 5 7 .
B u h r ,  M . M . ,  J . C .  C a r l s o n  a n d  J . E .  T h o m p s o n .  (1 9 7 9 ) .  A new 
p e r s p e c t i v e  on  t h e  m e c h a n i s m  o f  c o r p u s  l u t e u m  
r e g r e s s i o n .  E n d o c r i n o l o g y  1 0 5 : 1 3 3 0 - 1 3 3 5 .
C a f f r e y ,  J . L . ,  P . W .  F l e t c h e r ,  M . A .  D I e k m a n ,  P . L .  
O ' C a l l a g h a n  a n d  G. D.  N i s w e n d e r .  ( 1 9 7 9 ) .  T h e  a c t i v i t y  
o f  o v i n e  l u t e a l  c h o l e s t e r o l  e s t e r a s e  d u r i n g  s e v e r a l  
e x p e r i m e n t a l  c o n d i t i o n s .  B i o l .  R e p r o d .  2 1 : 6 0 1 - 6 0 8 .
C a m p b e l l ,  M . D . ,  M. A.  N e y m a r k ,  P . K.  H i l l ,  M. M.  R o t h k o p f ,  
M . J .  D i m l n o .  ( 1 9 8 0 ) .  B i o c h e m i c a l  a n d  s t r u c t u r a l  
d i f f e r e n c e s  b e t w e e n  p o r c i n e  o v a r i a n  f o l l i c u l a r  a n d  
l u t e a l  m i t o c h o n d r i a .  B i o l .  R e p r o d .  2 3 : 2 3 1 - 2 3 5 .
C a r l s o n ,  J . C . ,  M. M.  B u h r ,  R.  W e n t w o r t h  a n d  W. H a n s e l .
( 1 9 8 2 ) .  E v i d e n c e  o f  me mb r a n e  c h a n g e s  d u r i n g  r e g r e s s i o n  
i n  t h e  b o v i n e  c o r p u s  l u t e u m .  E n d o c r i n o l o g y  1 1 0 : 1 4 7 2 — 
1 4 7 6 .
C a t t ,  K . J . ,  J . P .  H a r w o o d ,  G.  A g u i l e r a  a n d  M . L .  D u f a u .
( 1 9 7 9 ) .  H o r m o n a l  r e g u l a t i o n  o f  p e p t i d e  r e c e p t o r s  a n d  
t a r g e t  c e l l  r e s p o n s e s .  N a t u r e  2 8 0 : 1 0 9 - 1 1 6 .
C a v a z o s ,  L . F .  ( 1 9 7 2 ) .  F i n e  s t r u c t u r a l  c o r r e l a t i o n s  a n d  
b i o c h e m i c a l  e v e n t s  I n  t h e  c o r p u s  l u t e u m .  A m e r .  J.  
A n a t .  1 3 5 : 4 4 1 - 4 4 3 .
C e n t o l a ,  G. M.  ( 1 9 7 9 ) .  H o r m o n e  r e q u i r e m e n t s  f o r  l o n g - t e r m  
m a i n t e n a n c e  o f  r a t  g r a n u l o s a  c e l l  c u l t u r e s .  I n :  
O v a r i a n  F o l l i c u l a r  a nd  C o r p u s  L u t e u m  F u n c t i o n .  ( C . P .
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C h a n d e r .  h a n ,  R . ,  B . J .  N o l a n d ,  T . J .  S e a  M e n  a n d  G . V .  
V a h o u n y .  ( 1 9 8 2 ) .  S t e r o l  c a r r i e r  p r o + e t n 2 . D e l i v e r y  o f  
c h o l e s t e r o l  f r o m  a d r e n a l  l i p i d  d r o p l e t s  t o  
m i t o c h o n d r i a  f o r  p r e g n e n o l o n e  s y n t h e s i s .  J.  B i o l .  
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C h a n n i n g ,  C.P.  ( 1 9 6 6 ) .  P r o g e s t e r o n e  b i o s y n t h e s i s  by e q u i n e  
g r a n u l o s a  c e l l s  g r o w i n g  i n  t i s s u e  c u l t u r e .  N a t u r e  
2 1 0 : 1 2 6 6 .
C h a n n i n g ,  C. P.  ( 1 9 6 9 ) .  S t e r o i d o g e n e s i s  a nd m o r p h o l o g y  o f  
human o v a r i a n  c e l l  t y p e s  i n t i s s u e  c u l t u r e .  J.  E n d o c r .  
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c y c l e  a nd  g o n a d o t r o p h i n s  on I u t e I n i z a 1 1 on o f  r h e s u s  
m o n k e y  g r a n u l o s a  c e l l s  I n  c u l t u r e .  E n d o c r i n o l o g y  
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A.  T s a f r l r l .  ( 1 9 8 0 ) .  O v a r i a n  f o l l i c u l a r  a n d  l u t e a l  
p h y s i o l o g y .  I n :  R e p r o d u c t i v e  P h y s i o l o g y  I I I ,
I n t e r n a t i o n a l  R e v i e w  o f  P h y s i o l o g y ,  V o l .  2 2 .  ( R . 0 .
G r e e p  e d . ) .  U n i v e r s i t y  P a r k  P r e s s ,  B a l t i m o r e ,  p p . 1 1 7 -  
201 .
Chow,  I .  a nd  M . - M .  P o o .  ( 1 9 8 2 ) .  R e d i s t r i b u t i o n  o f  c e l l  
s u r f a c e  r e c e p t o r s  I n d u c e d  by c e l l - c e l l  c o n t a c t .  J.  
Cel  I B i o l . 9 5 : 5 1 0 - 5 1 8 .
C h r i s t i e ,  M. H . ,  J . F .  S t r a u s s ,  I I I  a nd  G. L .  F l l c k i n g e r .  
( 1 9 7 9 ) .  E f f e c t  o f  r e d u c e d  b l o o d  c h o l e s t e r o l  on s t e r o l  
a n d  s t e r o i d  m e t a b o l i s m  by  r a t  l u t e a l  t i s s u e .  
E n d o c r i n o l o g y  1 0 5 : 9 2 - 9 8 .
C i r l l l o ,  V . J . ,  O. F .  A n d e r s e n ,  E. A.  Ham a nd R . B . L .  G w a t k i n .  
( 1 9 6 9 ) .  T h e  e f f e c t  o f  l u t e i n i z i n g  h o r m o n e  a n d  
a d e n o s i n e  3 ' 5 ' - m o n o p h o s p h a t e  o n  p r o g e s t e r o n e  
b i o s y n t h e s i s  by b o v i n e  g r a n u l o s a  c e l l s  i n  c u l t u r e .  
E x p t l  . Cel  I Re s .  5 7 : 1 3 9 - 1 4 2 .
C l a r k ,  M. R . ,  J . M.  M a r s h  a n d  W. J .  L e M a l r e .  ( 1 9 7 8 ) .  M e c h a n i s m  
o f  l u t e i n i z i n g  h o r m o n e  r e g u l a t i o n  o f  p r o s t a g l a n d i n  
s y n t h e s i s  I n  r a t  g r a n u l o s a  c e l l s .  J.  B i o l .  Che m.  
2 53  ' .1 1 5 1  - 1 1 6  1 .
C o n d o n ,  W. A.  a nd  D. L .  B l a c k .  ( 1 9 7 6 ) .  C a t e c h o I  a m i n e - I n d u c e d  
s t i m u l a t i o n  o f  p r o g e s t e r o n e  by t h e  b o v i n e  c o r p u s  
l u t e u m I n  v i t r o . B i o l .  R e p r o d .  1 5 : 5 7 3 - 5 7 8 .
C o n d o n ,  W. A.  a nd  J . L .  P a t e .  ( 1 9 8 1 ) .  I n f l u e n c e  o f  s e r u m  a nd
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i t s  l i p o p r o t e i n  f r a c t i o n s  on p r o g e s t e r o n e  s y n t h e s i s  
a n d  s e c r e t i o n  by b o v i n e  l u t e a l  t i s s u e  j j i  , y_Lt rq . B i o l .  
R e p r o d .  2 5 : 9 5 0 - 9 5 6 .
C o n n ,  P . M . ,  M.  C o n t i ,  J . P .  H a r w o o d ,  M. L .  D u f a u  a n d  K . J .  
C a t t .  ( 1 9 7 8 ) .  I n t e r n a l i s a t i o n  o f  g o n a d o t r o p h i n -  
r e c e p t o r  c o m p l e x  i n  o v a r i a n  l u t e a l  c e l  I s .  N a t u r e  
2 7 4 : 5 9 8 - 6 0 0 .
Co o k ,  B . , R . H . F .  H u n t e r  a n d  A . S . L .  K e l l y .  ( 1 9 7 7 ) .  S t e r o i d -  
b i n d i n g  p r o t e i n s  i n  f o l l i c u l a r  f l u i d  a n d  p e r i p h e r a l  
p l a s m a  f r o m  p i g s ,  c o w s  a n d  s h e e p .  J.  R e p r o d .  F e r t .  
51 : 6 5 - 7 1 .
C o u t t s ,  J . R . T .  a n d  D. A.  S t a n s f i e l d .  ( 1 9 6 8 ) .  C h o l e s t e r y l  
e s t e r a s e  and c h o l e s t e r y l  e s t e r  p o o l s  i n c o r p u s  l u t e u m .  
J .  L i p i d  R e s .  9 : 6 4 7 - 6 5 1 .
C r i s p ,  T . M .  a n d  F . R .  D e n y s .  ( 1 9 7 5 ) .  T h e  f i n e  s t r u c t u r e  o f  
r a t  g r a n u l o s a  c e l l  c u l t u r e s  c o r r e l a t e d  w i t h  p r o g e s t i n  
s e c r e t i o n .  I n :  E l e c t r o n  M i c r o s c o p i c  C o n c e p t s  o f
S e c r e t i o n :  U l t r a s t r u c t u r e  o f  E n d o c r i n e  a n d
R e p r o d u c t i v e  O r g a n s .  ( M.  H e s s ,  e d . ) .  J o h n  W i l e y ,  N. Y .  
p p .  3 - 3 3 .
C r i v e l l o ,  J . F .  a n d  C. R.  J e f c o a t e .  ( 1 9 8 0 ) .  I n t r a c e  I I u I a r  
m o v e m e n t  o f  c h o l e s t e r o l  i n  r a t  a d r e n a l  c e l l s ,  k i n e t i c s  
a n d  e f f e c t s  o f  i n h i b i t o r s .  J.  B i o l .  C h e m.  2 5 5 : 8 1 4 4 -  
81 51 .
D a r b o n ,  J . - M . ,  J .  U r s e l y  a n d  P.  L e y m a r i e .  ( 1 9 8 1 ) .
C o r r e l a t i o n  b e t w e e n  p r o t e i n  p h o s p h o r y l a t i o n  a n d  
p r o g e s t e r o n e  s y n t h e s i s  i n  b o v i n e  l u t e a l  c e l  I s  
s t i m u l a t e d  by l u t r o p i n .  E u r .  J .  B i o c h e m.  1 1 9 : 2 3 7 - 2 4 3 .
D a v e ,  J . R .  a n d  R . A .  K n a z e k .  ( 1 9 8 0 ) .  P r o s t a g l a n d i n  I 2
m o d i f i e s  b o t h  p r o l a c t i n  b i n d i n g  c a p a c i t y  and f l u i d i t y  
o f  mo u s e  I i v e r  m e m b r a n e s .  P r o c .  N a t l .  A c a d .  S c i .
U . S . A .  7 7 : 6 5 9 7 - 6 6 0 0 .
D a v i s ,  J . S . ,  R . V .  F a r e s e  a n d  J . M .  M a r s h .  ( 1 9 8 1 ) .
S t i m u l a t i o n  o f  p h o s p h o l i p i d  l a b e l i n g  a n d  
s t e r o I d o g e n i s i s  by l u t e i n i z i n g  h o r m o n e  i n  I s o l a t e d  
b o v i n e  l u t e a l  c e l l s .  E n d o c r i n o l o g y  1 0 9 : 4 6 9 - 4 7 5 .
D e m e r s ,  L . M . ,  H. R.  B e h r m a n  a n d  R. O.  G r e e p .  ( 1 9 7 3 ) .  E f f e c t s  
o f  p r o s t a g l a n d i n s  a n d  g o n a d o t r o p h i n s  on l u t e a l  
p r o s t a g l a n d i n  and s t e r o i d  b i o s y n t h e s i s .  I n :  A d v a n c e s
i n  t h e  B i o s c i e n c e s  9 .  ( G.  R a s p e  e d . )  P e r g a m o n  P r e s s ,  
N . Y .  pp.  7 0 1 - 7 0 7 .
D e n a m u r ,  R . ,  J.  M a r t i n e t  a n d  R. V .  S h o r t .  ( 1 9 7 3 ) .  P i t u i t a r y  
c o n t r o l  o f  t h e  o v i n e  c o r p u s  l u t e u m .  J.  R e p r o d .  F e r t .  
3 2 : 2 0 7 - 2 2 0 .
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s t e r o i d o g e n e s i s  b e t w e e n  f o l l i c u l a r  and l u t e a l  t i s s u e s  
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D o w n i n g ,  J . R .  a n d  M . J .  D I m I n o .  ( 1 9 7 9 ) .  S t u d i e s  on
m i t o c h o n d r i a l  p r o t e i n  k i n a s e  a c t i v i t y  o f  p o r c i n e
c o r p o r a  l u t e a .  E n d o c r i n o l o g y  1 0 5 : 5 7 0 - 5 7 3 .
D w y e r ,  R . J .  a n d  R . B .  C h u r c h .  ( 1 9 7 9 ) .  E f f e c t  o f
p r o s t a g l a n d i n  F 2 ^  on o v a r i a n  e n z y m e  a c t i v i t y  I n  t h e  
h y s t e r e c t o m i z e d  g u i n e a  p i g .  J .  R e p r o d .  F e r t .  5 6 : 8 5 - 8 8 .
E l k - N e s ,  K . B .  ( 1 9 7 5 ) .  B i o s y n t h e s i s  a n d  s e c r e t i o n  o f
t e s t i c u l a r  s t e r o i d s .  I n :  T h e  H a n d b o o k  o f  P h y s i o l o g y .
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S e c t .  7 .  V o l .  5 ( R . O.  G r e e p  a n d  E . B .  A s t w o o d ,  e d s . ) .  
A m e r i c a n  P h y s i o l o g i c a l  S o c i e t y ,  W a s h i n g t o n ,  D. C.  pp.  
9 5 - 1 1 5 .
EI  n e r - J e n s e n ,  N.  a n d  J . A .  M c C r a c k e n .  ( 1 9 8 1 ) .  T h e  t r a n s f e r  
o f  p r o g e s t e r o n e  I n  t h e  o v a r i a n  v a s c u l a r  p e d i c l e  o f  t h e  
s h e e p .  E n d o c r i n o l o g y  1 0 9 : 6 8 5 - 6 9 0 .
E l l l n w o o d ,  W. E . ,  T . M .  N e t t  a n d  G. D.  N I s w e n d e r .  ( 1 9 7 8 ) .  
O v a r i a n  v a s c u l a t u r e :  S t r u c t u r e  a n d  f u n c t i o n .  I n :  T h e  
V e r t e b r a t e  O v a r y .  C o m p a r a t i v e  B i o l o g y  a n d  E v o l u t i o n .  
( R . E .  J o n e s  e d . ) .  P l e n u m P r e s s ,  New Y o r k ,  pp.  5 8 3 - 6 1 4 .
E n d e r s ,  A. C.  ( 1 9 7 3 ) .  C y t o l o g y  o f  t h e  c o r p u s  l u t e u m .  B i o l .  
R e p r o d .  8 : 1 5 8 - 1 8 2 .
E r i c k s o n ,  G. F .  a n d  A . J . W .  H s u e h .  ( 1 9 7 8 ) .  S t i m u l a t i o n  o f  
a r o m a t a s e  a c t i v i t y  by f o l l i c l e  s t i m u l a t i n g  h o r mo n e  I n  
r a t  g r a n u l o s a  c e l l s  I n  a n d  J. n Y ± ± r . 2 .
E n d o c r i n o l o g y  1 0 2 : 1 2 7 5 - 1 2 8 2 .
E r i c k s o n ,  G . F . ,  C.  W a n g  a n d  A . J . W .  H s u e h .  ( 1 9 7  9 ) .  FSH  
I n d u c t i o n  o f  f u n c t i o n a l  LH r e c e p t o r s  I n  g r a n u l o s a  
c e l l s  c u l t u r e d  I n  a c h e m i c a l l y  d e f i n e d  me d i u m.  N a t u r e  
2 7 9 : 3 3 6 - 3 3 8 .
E v r a r d ,  M. ,  P.  L e b o u l  l e u x  a n d  C.  H e r m l e r .  ( 1 9 7 8 ) .  R o l e  o f  
p r o s t a g l a n d i n  F £^  I n  m o d u l a t i o n  o f  L H - s t l m u l a t e d  
s t e r o i d o g e n e s i s  jLn v I t r o  I n  d i f f e r e n t  t y p e s  o f  r a t  and  
ewe c o r p o r a  l u t e a .  P r o s t a g l a n d i n s  1 6 : 4 9 1 - 5 0 2 .
E w i n g ,  L . L . ,  C . E .  C h u b b ,  B.  R o b a l r e .  ( 1 9 7 6 ) .  
M a c r o m o l e c u l e s ,  s t e r o i d  b i n d i n g  a n d  t e s t o s t e r o n e  
s e c r e t i o n  by r a b b i t  t e s t e s .  N a t u r e  2 6 4 : 8 4 - 8 6 .
F a l c k ,  B.  ( 1 9 5 9 ) .  S i t e  o f  p r o d u c t i o n  o f  e s t r o g e n  I n  r a t  
o v a r y  a s  s t u d i e d  I n  m i c r o - t r a n s p l a n t s .  A c t a  
P h y s l o l o g l c a  S c a n d l n a v l c a  4 7 ,  S u p p l .  1 6 3 : 1 - 1 0 1 .
F a n j u l ,  L . F . ,  C . M.  R u i z  de G a l a r r e t a ,  a n d  A . J . W.  H s u e h .
( 1 9 8 3 ) .  P r o g e s t i n  a u g m e n t a t i o n  o f  g o n a d o t r o p i n -  
s t l m u l a t e d  p r o g e s t e r o n e  p r o d u c t i o n  by c u l t u r e d  r a t  
g r a n u l o s a  c e l l s .  E n d o c r i n o l o g y  1 1 2 : 4 0 5 - 4 0 7 .
F a r e s e ,  R. V.  and A. M.  S a b i r .  ( 1 9 8 0 ) .  Po I y p h o s p h o  I nos  111 d e s : 
S t i m u l a t o r  o f  m i t o c h o n d r i a l  c h o l e s t e r o l  s i d e  c h a i n  
c l e a v a g e  a n d  p o s s i b l e  I d e n t i f i c a t i o n  a s  a n  
a d r e n o c o r t l c o t r o p l n - l n d u c e d ,  c y c l o h e x l m l d e - s e n s i t i v e ,  
c y t o s o l i c  s t e r o i d o g e n i c  f a c t o r .  E n d o c r i n o l o g y  
1 0 6 : 1 8 6 9 - 1 8 7 9 .
F a r e s e ,  R . V . ,  M. A.  S a b i r  a nd  R. E .  L a r s o n .  ( 1 9 8 1 ) .  A 2 3 1 8 7  
I n h i b i t s  a d r e n a l  p r o t e i n  s y n t h e s i s  and t h e  e f f e c t s  o f  
a d r e n o c o r t I c o t r o p I n  ( ACT H)  on s t e r o i d o g e n e s i s  a nd
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p h o s p h o l i p i d  m e t a b o l i s m  I n  r a t  a d r e n a l  c e l l s  I n  v I t r o : 
F u r t h e r  e v i d e n c e  I m p l i c a t i n g  p h o s p h o l i p i d s  I n  t h e  
s t e r o i d o g e n i c  a c t i o n  o f  ACTH.  E n d o c r i n o l o g y  1 0 8 : 1 2 4 3 — 
1 2 4 6 .
FT | e t t I , S . ,  N.  T a k a i ,  a n d  B.  R a p o p o r t .  ( 1 9 8 1 ) .  I n f l u e n c e  o f  
c e l l  d e n s i t y  on d e s e n s  1 1 1 z a t I  on o f  t h e  t h y r o i d  c e l l  
c y c l  I c  a d e n o s i n e  3 ' , 5  ' -  m o n o p h o s p h a t e  r e s p o n s e  t o  
t h y r o t r o p i n  s t i m u l a t i o n .  E n d o c r i n o l o g y  1 0 9 : 1 1 5 6 - 1 1 6 3 .
F I t z ,  T . A . ,  M. H.  M a y a n ,  H. R.  S a w y e r  a n d  G. D.  N i s w e n d e r .  
( 1 9 8 2 ) .  C h a r a c t e r i z a t i o n  o f  t w o  s t e r o i d o g e n i c  c e l l  
t y p e s  I n  t h e  o v i n e  c o r p u s  l u t e u m .  B i o l .  R e p r o d .  
2 7 : 7 0 3 - 7 1 1 .
F l i n t ,  A . P . F .  a n d  E . L .  S h e l d r i c k .  ( 1 9 8 2 ) .  O v a r i a n  s e c r e t i o n  
o f  o x y t o c i n  I s  s t i m u l a t e d  by p r o s t a g l a n d i n .  N a t u r e  
2 9 7 : 5 8 7 - 5 8 8 .
F l i n t ,  A . P . F .  a n d  E . L .  S h e l d r i c k .  ( 1 9 8 3 ) .  E v i d e n c e  f o r  a 
s y s t e m i c  r o l e  f o r  o v a r i a n  o x y t o c i n  I n  l u t e a l  
r e g r e s s i o n  I n s h e e p .  J .  R e p r o d .  F e r t .  6 7 : 2 1 5 - 2 2 5 .
F r a d k i n ,  J . E . ,  G.  H o p e  C o o k ,  M . - C .  K l l h o f f e r  a n d  J.  W o l f f .
( 1 9 8 2 ) .  F o r s k o l l n  s t i m u l a t i o n  o f  t h y r o i d  a d e n y l a t e  
c y c l a s e  a n d  c y c l i c  3 ' , 5 '  -  a d e n o s  I ne  m o n o p h o s p h a t e  
a c c u m u l a t i o n .  E n d o c r i n o l o g y  1 1 1 : 8 4 9 - 8 5 6 .
G e m m e l l ,  R . T .  a n d  B. D.  S t a c y .  ( 1 9 7 7 ) .  E f f e c t s  o f  c o l c h i c i n e  
on t h e  o v i n e  c o r p u s  l u t e u m :  R o l e  o f  m i c r o t u b u l e s  I n  
t h e  s e c r e t i o n  o f  p r o g e s t e r o n e .  J .  R e p r o d .  F e r t .  
4 9 : 1 1 5 - 1 1 7 .
G e m m e l l ,  R . T .  a n d  B . D .  S t a c y .  ( 1 9 7 9 a ) .  E f f e c t  o f  
e y e  I o h e x I m I d e  on t h e  o v i n e  c o r p u s  l u t e u m :  The  r o l e  o f  
g r a n u l e s  I n  t h e  s e c r e t i o n  o f  p r o g e s t e r o n e .  J.  R e p r o d .  
F e r t .  5 7 : 8 7 - 8 9 .
G e m m e l l ,  R . T .  a n d  B . D .  S t a c y .  ( 1 9 7 9 b ) .  G r a n u l e  s e c r e t i o n  by  
t h e  l u t e a l  c e l l  o f  t h e  s h e e p :  T h e  f a t e  o f  t h e  g r a n u l e  
me mb r a n e .  C e l l  T I s s .  Re s .  1 9 7 : 4 1 3 - 4 1 9 .
G e m m e l l ,  R . T . ,  B . D .  S t a c y  a n d  G . D .  T h o r b u r n .  ( 1 9 7 4 ) .  
U I t r a s t r u c t u r a  I s t u d y  o f  s e c r e t o r y  g r a n u l e s  I n  t h e  
c o r p u s  l u t e u m  o f  t h e  s h e e p  d u r i n g  t h e  e s t r o u s  c y c l e .  
B i o l .  R e p r o d .  1 1 : 4 4 7 - 4 6 2 .
G I b o r f ,  G . ,  E.  A n t c z a k  a n d  I .  R o t h c h i l d .  ( 1 9 7 7 ) .  T h e  r o l e  
o f  e s t r o g e n  I n  t h e  r e g u l a t i o n  o f  l u t e a l  p r o g e s t e r o n e  
s e c r e t i o n  I n  t h e  r a t  a f t e r  d a y  1 2  o f  p r e g n a n c y .  
E n d o c r i n o l o g y  1 0 0 : 1 4 8 3 - 1 4 9 5  .
G i e r ,  H . T .  a n d  G. B.  M a r i o n .  ( 1 9 6 1 ) .  T h e  f o r m a t i o n  o f  t h e  
b o v i n e  c o r p u s  l u t e u m .  J.  D a i r y  S c l .  4 4 : 1 1 8 7 .
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G I n t h e r ,  O. J .  ( 1 9 7 4 ) .  I n t e r n a l  r e g u l a t i o n  o f  p h y s i o l o g i c a l  
p r o c e s s e s  t h r o u g h  l o c a l  v e n o a r t e r i a l  p a t h w a y s :  A
r e v i e w .  J .  An l m.  S c l .  3 9 : 5 5 0 - 5 6 4 .
G I n t h e r ,  O . J . ,  C. O.  W o o d y ,  S.  M a h a j a n ,  K.  J a n a k e r a m a n  a n d  
L. E.  C a s l d a .  ( 1 9 6 7 ) .  E f f e c t  o f  o x y t o c i n  a d m i n i s t r a t i o n  
on t h e  e s t r o u s  c y c l e  o f  u n i l a t e r a l l y  h y s t e r e c t o m i z e d  
h e i f e r s .  J .  R e p r o d .  F e r t .  1 4 : 2 2 5 - 2 2 9 .
G o d l n g ,  J . R .  ( 1 9 7 4 ) .  T h e  d e m o n s t r a t i o n  t h a t  P G F 2 oi i s  t h e  
u t e r i n e  l u t e o l y s i n  I n  t h e  e w e .  J .  R e p r o d .  F e r t .  
3 8 : 2 6 1 - 2 7 1  .
G o l d s m i t h ,  L . T . ,  M.  E s s i g ,  P.  S a r o s i ,  P.  B e c k  a n d  G . W e i s s .  
( 1 9 8 1 ) .  H o r m o n e  s e c r e t i o n  by m o n o l a y e r  c u l t u r e s  o f  
h u m a n  l u t e a l  c e l l s .  J .  C l i n .  E n d o c r i n o l .  M e t a b .  
5 3 : 8 9 0 - 8 9 2 .
G o o d s a i d - Z a I d u o n d o ,  F . ,  D. A.  R I n t o u l ,  J . C .  C a r l s o n  a n d  W.  
H a n s e l .  ( 1 9 8 2 ) .  L u t e o I y s I s - I n d u c e d  c h a n g e s  i n  p h a s e  
c o m p o s i t i o n  a n d  f l u i d i t y  o f  b o v i n e  l u t e a l  c e l l  
me mb r a n e s .  P r o c .  N a t l .  A c a d .  S c i .  7 9 : 4 3 3 2 - 4 3 3 6 .
G o s p o d a r o w I c z , D.  a n d  F.  G o s p o d a r o w  I c z .  ( 1 9 7 2 ) .  B o v i n e  
l u t e a l  c e l l s  I n  t i s s u e  c u l t u r e .  E x p t l .  C e l l  R e s .  
7 5 : 3 5 3 - 3 6 2 .
G r e e n w a l d ,  G . S .  ( 1 9 6 7 ) .  L u t e o t r o p i c  c o m p l e x  o f  t h e  
h a m s t e r .  E n d o c r i n o l o g y  8 0 : 1 1 8 - 1 3 0 .
G r e e n w a l d ,  G.S.  ( 1 9 7 3 ) .  F u r t h e r  e v i d e n c e  f o r  a l u t e o t r o p i c  
c o m p l e x  I n  t h e  h a m s t e r :  P r o g e s t e r o n e  d e t e r m i n a t i o n s  o f  
p l a s ma  and c o r p o r a  l u t e a .  E n d o c r i n o l o g y  9 2 : 2 3 5 - 2 4 2 .
G r l n w i c h ,  D . L . ,  E . A.  Ha m,  M. H I c h e n s  a n d  H. R.  B e h r m a n .  
( 1 9 7 6 ) .  B i n d i n g  o f  h u ma n  c h o r i o n i c  g o n a d o t r o p i n  a n d  
r e s p o n s e  o f  c y c l i c  n u c l e o t i d e s  t o  l u t e i n i z i n g  h o r mo n e  
I n l u t e a l  t i s s u e  f r o m  r a t s  t r e a t e d  w i t h  p r o s t a g l a n d i n  
^2oc * E n d o c r i n o l o g y  9 8 :  1 4 6 - 1  50 .
G u l y a s ,  B . J .  a n d  G. D.  H o d g e n .  ( 1 9 8 1 ) .  I n  _y±tJLS s t u d i e s  on  
l u t e o l y s i s  I n  t h e  r h e s u s  m o n k e y .  I n :  D y n a m i c s  o f
O v a r i a n  F u n c t i o n .  (N. B.  S c h w a r t z  and M. H u n z I c k e r - D u n n  
e d s . )  Ra v e n  P r e s s ,  N . Y .  pp.  1 9 1 - 1 9 6 .
G u l y a s ,  B . J . ,  R . L .  S t o u f f e r  a n d  G . D .  H o d g e n .  ( 1 9 7 9 ) .  
P r o g e s t e r o n e  s y n t h e s i s  a n d  f i n e  s t r u c t u r e  o f  
d i s s o c i a t e d  M o n k e y  ( m n £ 5 £ai  J D H l a i t n )  l u t e a l  c e l l s  
m a i n t a i n e d  I n c u l t u r e .  B i o l .  R e p r o d .  2 0 : 7 7 9 - 7 9 2 .
G u l y a s ,  B . J . ,  S.  M a t s u u r a ,  H. C.  C h e n ,  L . C .  Y u a n  a n d  G. D.  
H o d g e n .  ( 1 9 8 1 ) .  V i s u a l i z a t i o n  o f  b i n d i n g  a n d  
i n t e r n a l i z a t i o n  o f  a h o r s e r a d i s h  p e r o x  I d a s e - h  CG
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c o n j u g a t e  by  m o n k e y  l u t e a l  c e l l s .  B i o l .  R e p r o d .  
2 5 : 6 0 9 - 6 2 0 .
Gwy n n e ,  A.  and W.A.  Condon .  (1 9 8 2 ) .  E f f e c t s  o f  c y t o c h a l a s l n  
B,  c o l c h i c i n e ,  a n d  v i n b l a s t i n e  on  p r o g e s t e r o n e  
s y n t h e s i s  a n d  s e c r e t i o n  by b o v i n e  l u t e a l  t i s s u e  I n  
v I t r o . J .  R e p r o d .  F e r t .  6 5 : 1 5 1 - 1 5 6 .
G w y n n e ,  J . T .  a n d  J . F .  S t r a u s s ,  I I I .  ( 1 9 8 2 ) .  T h e  r o l e  o f  
l i p o p r o t e i n s  I n  s t e r o i d o g e n e s i s  a n d  c h o l e s t e r o l  
m e t a b o l i s m  I n  s t e r o i d o g e n i c  g l a n d s .  E n d o c r .  R e v .  
3 : 2 9 9 - 3 2 9 .
G w y n n e ,  J . T . ,  D.  M a h a f f e e ,  H. B.  B r e w e r ,  J r .  a n d  R . L .  N e y .  
( 1 9 7 6 ) .  A d r e n a l  c h o l e s t e r o l  u p t a k e  f r o m  p l a s m a  
l i p o p r o t e i n s :  r e g u l a t i o n  by c o r t i c o t r o p i n .  P r o c .  N a t l .
A c a d .  Sc I . U . S . A .  73  : 4 3 2 9 - 4 3 3 3  .
H a f s ,  H. D.  and D. T.  A r m s t r o n g .  (1 9 6 8 ) .  C o r p u s  l u t e u m  g r o w t h  
and p r o g e s t e r o n e  s y n t h e s i s  d u r i n g  t h e  b o v i n e  e s t r o u s  
c y c l e .  J .  A n l m.  S c l .  2 7 : 1 3 4 - 1 4 1 .
H a l l ,  A . K.  a n d  H. R.  B e h r m a n .  ( 1 9 8 1 ) .  C u l t u r e  s e n s i t i z a t i o n  
a n d  I n h i b i t i o n  o f  l u t e i n i z i n g  h o r m o n e  r e s p o n s i v e  
p r o d u c t i o n  o f  c y c l i c  AMP  I n  l u t e a l  c e l l s  by  
l u t e i n i z i n g  h o r m o n e ,  p r o s t a g l a n d i n  F a n d  C D - T r p  U -  
l u t e i n i z i n g  h o r m o n e  r e l e a s i n g  h o r m o n e .  J.  E n d o c r .  
8 8 : 2 7 - 3 8 .
H a l l ,  A . K.  a n d  J.  R o b i n s o n .  ( 1 9 7 9 ) .  F u n c t i o n a l  l u t e o l y s t s  
I n t h e  p s e u d o p r e g n a n t  r a t :  E f f e c t s  o f  p r o s t a g l a n d i n  F 2<A 
a n d  1 6 - a r y l o x y  p r o s t a g  I a-nd I n F ^ l n  J . E n d o c r .
81 : 1 5 7 - 1 6 5  .
H a n s e l ,  W. ( 1 9 6 6 ) .  L u t e o t r o p h l c  a n d  l u t e c l y t l c  m e c h a n i s m s  
I n  b o v i n e  c o r p o r a  l u t e a .  J.  R e p r o d .  F e r t . ,  S u p p l .
1 : 3 3 - 4  8 .
H a n s e l ,  W. ,  P. W.  C o n c a n n o n  a n d  J . H .  L u k a s z e w s k a .  ( 1 9 7 3 ) .  
C o r p o r a  l u t e a  o f  t h e  l a r g e  d o m e s t i c  a n i m a l s .  B i o l .  
R e p r o d .  8 : 2 2 2 - 2 4 5 .
H a n s k l ,  E . ,  G. R I m o n  a n d  A.  L e v i t z k i .  ( 1 9 7 9 ) .  A d e n y l a t e  
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APPENDIX
APPENDIX A
Radioimmunoassay q ±  PrflflfiS±er-g n9 
Assay;
1. Make standard progesterone f o r  standard curve .
- D e f r o s t  2 v f a l s  s t a n d a r d  s to c k  p r o g e s t e r o n e  whi ch  c o n t a i n s  10 
n g /m l .
Remove 1 ml from each and p lace  In to  a 25 ml g lass -s to p p ered  f l a s k .  
Add 18 ml ethanol (abso lu te )  (a 1:10 d i l u t i o n ) ;  r e s u l t i n g  s o lu t io n  
wi l l  be 1. 0 n g /m l .
-Amounts f o r  standard curve  a re ;
2 . 0 ,  1 . 0 ,  0 . 4 ,  0 . 2 ,  0 . 1 ,  0 . 0 6 ,  0 . 0 2  ng/ml 
To o b t a i n  t h e s e  amounts  s i m p l y  p i p e t t e  2 .0 ,  1 .0 ,  0 .4 ,  0 .2 ,  0 .1 ,
0 . 0 6 ,  0 . 0 2  ml,  r e s p e c t i v e l y ,  I n t o  assay tubes.
* F o r  each assay  t h e r e  a r e  tw o  s t a n d a r d  c u r v e s ,  one b e f o r e  t h e
samp I es and one a f t e r  t h e  s a m p le s ;  I n a d d i t i o n ,  each pol n t  on t h e
curve Is  done In d u p l i c a t e ,  then averaged. Thus, th e r e  Is  a t o t a l  
of  four  assay tubes f o r  each p o in t  (two tubes f o r  each c u r v e ) .  
Sample de te rm in a t io n s  a r e  read from the  average of  the  two curves.
2 .  Dry down a l l  standards under a i r  In a 4 0 °C water  bath.
3 .  P i p e t t e  0.1 ml o f  sample I n to  2 assay tubes.
4 .  Add 100 ul assay b u f f e r  to  a l l  sample tubes and 200 ul assay b u f f e r  
t o  standard curve tubes .
950 ul assay b u f f e r  t o  t o t a l  count tubes.
200 ul assay b u f f e r  t o  n o n - s p e c i f ic  b inding tubes.
Vortex  a l l  tubes and Incubate a t  40°C f o r  45 minutes.
5 .  P lace  rack  o f  assay tubes I n to  Ice  bath .
6 . Mix a n t i  serum wi t h  magnet ic  s t i r r i n g  rod. P i p e t t e  100 ul ant iserum  
I n t o  a l l  s t a n d a r d  and s ampl e  tu b e s  e x c e p t  t o t a l  c o u n ts  and NSB 
( n o n - s p e c i f i c  b i n d i n g ) ,  v o r te x .
7 .  P i p e t t e  100 ul assay t r a c e r  I n to  a l l  tubes,  v o r te x .
Cover  w i t h  t i n  f o i l  and i n c u b a t e  a t  4 °C f o r  a t  l e a s t  4 hours  
(p r e f e r a b ly  o v e r n i g h t ) .
Separation  of  Bound and Free Progesterone:
1. A t  end o f  I n c u b a t i o n  t r a n s f e r  r a c k  o f  tu b e s  i n t o  a f r e s h  i c e  ba th  
and add 750  ul  c o l d  d e x t r a n - c o a t e d  c h a r c o a l .  * E x c e p t  t o  t o t a l  
c o u n ts  t u b e s .  C h a rc o a l  s h ou ld  be k e p t  In  an i c e  ba th  and under  
constant  s t i r r i n g  wh i l e  adding t o  tubes.
*Add the  charcoal  as r a p i d l y  as p o ss ib le  and not t o  more than 30-40  
tubes a t  one t ime t o  avoid s t r i p p i n g .
2 .  P r o m p t l y  v o r t e x  each tu b e  b r i e f l y  and p l a c e  I n t o  c e n t r i f u g e  
Im m edia te ly .  Time from the  s t a r t  o f  adding c harcoa l ,  t o  s t a r t i n g  
the  c e n t r i f u g e  should not exceed 1 minute .
- C e n t r i f u g e  10 min. a t  1700 xg in r e f r i g e r a t e d  c e n t r i f u g e .
3 .  D e c a n t  s u p e r n a t a n t  f r a c t i o n  o f  e a c h  t u b e  i n t o  n u mb e r e d  
s c i n t i l l a t i o n  I n s e r t  v i a l s .
Do not  d is tu r b  charcoal  p e l l e t  a t  the bottom.
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4 .  Add 4 ml c o u n t i n g  c o c k t a l  I , v o r t e x ,  c o v e r  v i a l s  w I t h  t i n  f o l  I f o r  
a t  l e a s t  4 hours and then count f o r  1 minute.  *Charcoal  suspension  
p i c k s  up f r e e  p r o g e s t e r o n e  l e a v i n g  t h e  bound p r o g e s t e r o n e  on t h e  
antibody in s o lu t io n  t o  be counted. *Samples must s i t  f o r  a t  l e a s t  
4 hours t o  a l l ow t he  c o c k t a i l  t o  e x t r a c t  th e  ^H-progesterone out  of  
the  sample.
P re p a ra t io n  of  S o lu t io n s :
1. Assay B u f f e r  Do not s t o r e  f o r  more than 2 weeks
NaH2P04 * H20 5 .3 8  g
Na2HP04 * 7H20 16.35  g
NaCL 9 . 0  g
G e l a t l n  1 .0  g
Na Azlde 1 .0  g
Add 900  ml 10 megohm H20 and mi x  on a warm m a g n e t ic  s t i r r e r  and 
a d ju s t  pH t o  7.0 wi t h  1.0 N NaOH. A d jus t  volume t o  1 l i t e r  wi t h  10 
megohm H20.
2 .  Charcoal Suspension Do not s to r e  f o r  more than 2 weeks
20 mg Dextran T-70  
200 mg prewashed Nor I t  A neutra l  charcoal  
Add 100 ml assay  b u f f e r  and m a g n e t i c a l l y  s t i r  a p p r o x i m a t e l y  20 
minutes a t  high speed wh i l e  placed In an Ice  bath.
3 .  Anti  serum
Al wa y s  d i l u t e  w i t h  ass ay  b u f f e r .  The a c t i v i t y  o f  t h e  a n t i b o d y  
dete rmines  amount o f  d i l u t i o n .  Make up f i n a l  d i l u t i o n  the  day o f  
the  assay.
4 .  Assay .Tracer ,
P i p e t t e  20 ul  t r l t l a t e d  p roges te rone C " ’H-P4 ) I n to  a count ing v i a l .  
Dry down. Add 10 ml assay b u f f e r .  V o r t e x  30 seconds a t  h i gh  
speed.  P l a c e  I n 40 °C w a t e r  ba th  f o r  20 m i n u t e s .  R e f r i g e r a t e  
before  us ing.
5 .  Counting C o c k ta l I
1 .32  g PPO 
1 I I t e r  to Iuene  
S t i r  on magnetic s t i r r e r  f o r  approximate ly  15 minutes.
